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DR. RICHARD COURANT CAME TO NEW YORK UNIVERSITY IN 1934 FROM THE UNJ’ ERSITY OF 
GOTTINGEN WHERE HE ESTABLISHED AND DIRECTED THE MATHEMATICS INSTITUTE. AT NEW 
YORK UNIVERSITY HE FOUNDED THE INSTITUTE OF MATHEMATICAL SCIENCES IN 1953 AND 
DIRECTED IT UNTIL HIS RETIREMENT IN 1958. THE INSTITUTE WAS RENAMED THE COURANT 
INSTITUTE OF MATHEMATICAL SCIENCES. 


DR. COURANT'S WORK WITH HIS TEACHER, DAVID HILBERT, GAVE PHYSICISTS THE NECESSARY 
MATHEMATICAL TOOLS FOR APPLYING TO PRACTICAL PROBLEMS THE THEORIES OF QUANTUM 
MECHANICS, WITH OTHER COLLEAGUES, HE PIONEERED IN THE DEVELOPMENT OF NUMERICAL 
ANALYSIS, WHICH PROVIDES THE ESSENTIAL METHODS FOR THE EFFECTIVE USE OF MODERN 
COMPUTING IN MATHEMATICAL PROBLEMS. DR. COURANT WAS ONE OF THE EARLIEST OFFICE 
OF NAVAL RESEARCH INVESTIGATORS. 





TEKTITE I: 1440 Hours on the 
Bottom of the Sea 


On February 15, four aquanaut-scientists will dive 50 feet under 
the waters of Greater Lameshur Bay, St. John Island, Virgin Islands. 

They will return to the surface 60 days later. 

The dive will mark the beginning of one of the most ambitious 
undersea missions ever attempted: TEKTITE I. 

TEKTITE I is a multi-agency/industry program to determine the 
capability of a small group of men to satisfactorily perform a scientific 
research mission while living isolated on the ocean floor under saturated 
diving conditions for a long period of time. 

The program is jointly sponsored by the Navy, National Aeronautics 
and Space Administration, and the Department of the Interior, with 
participation by the U.S. Coast Guard. The prime contractor is the 
General Electric Company, which is furnishing the undersea habitat 
and assisting in program planning and scientific mission coordination. 
TEKTITE I is the first undersea program to be undertaken by a group 
of federal agencies in cooperation with private industry. 

The four marine scientists, all from the Department of Interior, 
will swim from the habitat each day to conduct various scientific pro- 
jects. They virtually will be living in a marine laboratory, both on the 
ocean floor and in the habitat’s working spaces. This environment 
provides an unprecedented opportunity for long-term marine in- 
vestigation. 

While the four marine scientists are conducting their underwater 
research mission, they will be continuously observed by behavioral 
and biomedical teams. The objectives here will be to identify man’s 
psychological and physiological reactions to a long-term mission per- 
formed in an isolated, hostile environment common to undersea and 
space missions. 


TEKTITE Site 


The underwater site of Project TEKTITE is Beehive Cove in Lame- 
shur Bay, a south shore indentation in St. John Island. The Cove is 
in the Virgin Islands National Park which is administered by the 
National Park Service of the Department of the Interio:. The park’s 
land and water area cover 15,150 acres including extensive coral reefs. 
Beehive Cove was selected for the site largely because it contains an 
extraordinary reef which supports an abundance of reef-fish popula- 
tions, providing an excellent opportunity for direct biological and 
oceanographic studies. 





TEKTITE SITE: Aerial view of Greater Lameshur Bay, off St. John Island in Virgin Islands 
National Park, where four Department of the Interior scientists will spend 60 consecutive days 
on the ocean floor, 50 feet below the surface. 


Beehive Cove is near Cabritte Horn Point, the tip of a stubby penin- 
sula three-quarters of a mile long which forms the eastern side of 
Lameshur Bay. The Bay consists of Greater Lameshur Bay on the east 
side and Little Lameshur Bay of the west. Rocky and roadless, the 
peninsula is not conducive to land travel between Beehive Cove and 
the TEKTITE base camp. Boats will ply the 1300 yards between the 
base camp docks and the cove where the TEKTITE support barge will 
be moored to the peninsula shore. The barge will contain the TEKTITE 
control van and the umbilical lines to the underwater habitat. 


Navy Interest in TEKTITE I 


Navy interests in TEKTITE I are reflected in Program management 
and coordination, development of the TEKTITE I behavioral and 
biomedical scientific mission objectives, and operational and technolog- 
ical program support. 

The Navy is the “lead agency” of the three sponsoring agencies 
supporting TEKTITE I. Through the Office of Naval Research, the 
Navy has the responsibility for overall program management and for 
administration of the General Electric TEKTITE contract. An addi- 
tional Navy responsibility in TEKTITE, and pethaps the most im- 
portant, is mission safety, in both the scientific and operational conduct 
of the program. 





A scientific management responsibility of the Navy, through the 
Office of Naval Research, is the planning of the behavioral and bio- 
medical programs, and the integration and coordination of the overall 
TEKTITE I scientific program. Navy laboratories have contributed 
significantly to the TEKTITE I mission objectives in these programs. 
For example, from laboratories such as the Naval Medical Research 
Institute have come the behavioral program elements relating to crew 
selection and work performance studies. The microbiology element 
of the physiological program was developed by the Naval Biological 
Laboratory. 

In addition to the stated scientific goals in the mission objectives, 
TEKTITE I provides the Navy an opportunity for exploration in 
related areas of underwater technology. These areas include under- 
water medicine and safety, and engineering and construction, to name 
but a few. The experience gained by the Naval Submarine Medical 
Center and the Naval Facilities Engineering Command in the TEKTITE 
program will have impact on future long duration scientific studies, 
and will provide new tools for naval operation readiness. 

The Navy is providing the operational direction for implementation 
of the scientific mission plans and objectives. Naval command experi- 
ence will provide the operational leadership necessary to carry out 
the scientific program. In addition, practical operation requirements 
are being met by the Navy, such as transporation, logistics, and com- 
munication and facility requirements for the scientific personnel who 
will be ai the project site for the conduct of the mission. 

It is anticipated that the Navy effort in TEKTITE I will be of benefit 
not only to the agencies involved, but to the national interest at large. 
The basic information to be gained regarding man’s response to 
living under a hazardous and isolated condition has the promise of 
usefulness not only in national defense, but also in undersea scientific 
endeavor and the peaceful exploitation of resources of the sea. 


NASA Interest in TEKTITE 


Project TEKTITE will provide a unique opportunity to study the 
performance of a four-man crew of scientists under conditions of 
stress and isolation, to assess methodology and to collect data for use 
in predicting the behavior of crew members in future space flights. 
The four scientists will experience a true feeling of isolation since 
they cannot return to the surface readily. Of practical application to 
future space missions is information on how a four-man crew interact 
when confined in a small habitat for a long period of time performing 
useful work. 

The marine scientific mission provides a meaningful goal which is 
necessary in order to maintain a continuous high level of motivation. 
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With such motivation, the behavioral measures become significant for 
future long duration space flights. 

The data and methodologies derived from the biomedical and 
behavioral programs will be applied in the planning of extended 
future space missions. 

In NASA, these studies are being supported by the Office of Manned 
Space Flight, the Office of Advanced Research and Technology, and 
by the Office of Space Medicine. Both the Langley Research Center 
and the Manned Spacecraft Center are providing experimental imputs 
in this research. 


THE INTERIOR DEPARTMENT’S ROLE 


The Department of the Interior is taking part in Project TEKTITE 
to help determine what useful marine research can be accomplished 
by placing man in the sea. For years marine scientists have speculated 
on the advantages of having direct access to the undersea environment 
for extended periods of time. To this end, SCUBA gear and research 
submersibles have provided only partial solutions. Surface diving 
with SCUBA gear has distinct time and depth limits. Dives with sub- 
mersibles are also limited in duration and suffer the additional dis- 
advantages of restricted vision and little or no direct access to the 
environment. Pressurized ocean floor stations or manned _ habitats 
offer a third approach which appears to have many advantages for 
prolonged studies at Continental Shelf depths. 

The overall objectives of the Department of the Interior in the 
ocean floor program are: 


* To determine the advantages of saturation diving as a research 
technique for marine scientific studies. 

* To carry out an operational research program on the ocean floor 
to demonstrate that scientists can live and work effectively in the 
ocean environment. 


Although TEKTITE has been preceded by several underwater- 
living experiments, some at considerable depth, it will be the first such 
project in which research on biological and geological processes are 
given special attention. 

Five Bureaus in the Department of the Interior are participating in 
Project TEKTITE— Bureau of Commercial Fisheries (BCF), National 
Park Service (NPS), U.S. Geological Survey (USGS), Federal Water 
Pollution Control Administration (FWPCA), and the Bureau of Land 
Management (BLM). The Bureau of Commercial Fisheries has been 
designated the lead agency for Interior’s portion of the project. 
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To achieve the goals set by the different agencies involved in the 
mission, three scientific programs have been developed: Marine 
Sciences Program; Behavioral Program; and Biomedical Program. 


MARINE SCIENCES PROGRAM 
Biological Studies 


Phytoplankton, the microscopic plants that drift along in ocean 
currents and provide food for larger animals in the ocean’ food web, 
will be studied. Water samples containing plankton will be pumped 
to the TEKTITE habitat from several different depths so that the 
productivity or biological richness of the area can be measured. The 
zooplankton (microscopic animals), which feed on the phytoplankton 
and in turn are fed on by fishes, will also be studies, particularly in 
respect to their relationships between other marine life and the physical 
environment of the reef area. Plankton studies of this type are usually 
done from shipboard with suspended sampling devices. Observations 
made directly from the ocean floor habitat, however, are expected to 
yield far better sampling control and continuity than can be gained 
from a ship. 

Various methods used for measuring the production of marine life 
in ocean and reef areas will be compared to determine the relative 
advantages of one method over another. Most productivity estimates 
of this type are based on measurements of oxygen produced and con- 
sumed in a given period. During the TEKTITE Project special equip- 
ment will be used to enclose some organisms while measurements are 
made of their oxygen production and absorption of radioactive carbon 
(C4). These studies may help make it possible to standardize methods 
and reduce variations in estimates of organic production in ocean 
waters. 

Most marine organisms exhibit definite patterns of activity or behavior 
in foraging, mating, escaping from predators, etc. Knowledge of 
these activities is necessary to understand better the life history of a 
particular species, and if it is a commercial variety, to design fishing 
gear for its capture. In the early phases of the project, spiny lobsters 
(they are the source of what are commonly known as “lobster tails”), 
reef and predator fishes and certain mollusks will be tagged with tiny 
sonic transmitters. Thereafter, movements and habits of these animals 
will be monitored on a small portable sonar device capable of receiving 
signals from the transmitters even if the animal is secluded in a deep 
coral burrow up to four miles away. The receiver will enable the scien- 
tists to track the tagged animals and record their location and activity in 
daylight or darkness. When a lobster is located, its identity can be 
determined by a brand, visible at night under ultraviolet light. By 
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monitoring several representative organisms, the biologists will obtain 
information on growth and survival, feeding habits, daily migrations, 
reproduction, responses to environmental changes, and other pertinent 
information occuring over the two-month period. Observations such as 
these are extremely difficult to make working from the ocean surface. 


During the TEKTITE experiment, the types of sediment in Lame- 
shur Bay will be identified and mapped. A few small portions of the sea 
floor have previously been mapped by diving geologists, but TEKTITE 
offers the first opportunity to develop a close familiarity with a sub-sea 
area comparable to what a geologist has with his onshore terrain. 
These data, combined with acoustically derived profile records of 
the strata or sediment layers beneath the ocean floor will provide a 
three-dimensional picture of the recent sedimentologic history of the 
bay. Analysis of the relations between sediments will provide a basis 
for interpreting certain types of carbonate rocks and may prove useful 
to the petroleum industry. 

Study will also be made of the production of biogenous sand (sand 
formed from the remains of once-living organisms). TEKTITE pro- 
vides an opportunity to relate the sand to the contributing organisms 
(mostly corals and mollusks) and to study the balance between reef 
growth and destruction. Study of the variation of sand composition 
with grain size and location should provide information on the mechani- 
cal breakdown and processes of distribution of biogenous sand. 

The dominant feature of many portions of the sea floor is biologic 
reworking of the sediment. Moreover, the effects of organic reworking 
in the geologic past are shown by tracks, trails, and burrows in many 
sedimentary rocks. Certain apparently structureless rocks are suspect- 
ed to have been homogenized by bottom .dwelling organisms. Con- 
temporary research indicated that the nature of organism reworking 
is related to the depositional environment. At present no data are 
available on this relationshipin carbonate sediments in a reef-dominated 
environment. TEKTITE will provide an opportunity to collect some of 
this information as well as a chance to study briefly the role of biologic 
ingestion in sediment modification. The duration of the experiment 
will permit observation on the rate of organic mixing in different 
environmental settings. These observations may be of value to geologists 
in providing clues as to where to seek petroleum or other mineral 
deposits, and what happens to sediment when they are disturbed by 
marine organisms. 

Additionally, TEKTITE will aid in the development and evaluation 
of underwater geologic techniques such as sampling and mineralogic 
separations. The lack of laboratory facilities in undersea habitats 
poses a major problem for undersea geologic research and creates 
a potentially limiting dependence on surface support. During the 
TEKTITE operation experiments will be conducted attempting to 
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establish procedures whereby routine sediment analyses could be 
made on the ocean floor without having to return samples to the 
surface. 

Finally, by living in the submarine environment, the geologist has 
an opportunity to conduct other aspects of underwater research. He 
can monitor changes in the sediment and the sedimentation processes 
as frequently as he wished. He can observe continuously the inter- 
action between sediment and bottom-dwelling organisms. Along with 
other studies he can measure the chemical and physical properties of 
the sea floor in a natural state. 


General Environmental Studies 


Continuous monitoring of the environment during the project will 
be carried out in support of the planned ocean floor program. Con- 
tinuous records of water temperature, salinity, current speed and 
direction, pressure, ambient light, water chemistry, and bioluminescence 
will be made, and the effect of these elements on the behavior patterns 
of marine organisms or changes in the sediment characteristics will be 
determined. 


Acoustical Studies 


The widespread use of sonar for fishery applications and the in- 
creasing technical developments within the field point to a specific 
need for detailed studies on the effectiveness of sonar for differentiating 
between fish species either by a characteristic signal return from a 
single fish or by signal recognition of the swimming or schooling be- 
havior of groups of fish. The TEKTITE Project will provide a unique 
opportunity for these studies, where sonar target species can be identi- 
fied and correlated with their acoustical “signatures.” 

Additional uses for sonar are in various project support functions. 
The routine task of compiling charts of pertinent topographic and 
geologic features underwater is beset with several problems of little 
or no consequence to the land surveyor. The use of sonar for providing 
reliable range and bearing data appears to offer much promise for 
underwater survey and geologic delineation work. Furthermore, the 
location and range of free swimming divers during any underwater 
operations is of prime importance for safety reasons. Indications are 
that narrow band sonar can be an important aid in diver tracking and 
navigation. 


BEHAVIORAL PROGRAM 


The behavioral program is one of the principal reasons for conduct- 
ing an extended ocean floor mission such as TEKTITE. The program, 
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one of the most exhaustive ever designed for aquanauts, is intended 
to obtain data on a multitude of behavioral aspects from the amount 
of food consumed by the aquanaut-scientists to subtle changes in their 
moods at different times. 

Notwithstanding the exhaustive nature of the program, all data 
collection methods have been devised to minimize interference with 
the marine science program on the ocean floor. 

The objective of the behavioral program is to evaluate individual 
and group behavior in a situation where the mission is real rather 
than experimental, the duration quite long, and the environments 
are relatively hazardous. 

The data gathered will provide information useful in planning 
future missions involving stress such as manned undersea stations or 
extended manned spaceflights. It will provide valid criteria in the 
selection, training and group composition of the crews for future 
undersea and space missions. 

By studying the individual and group response to factors such as 
living space, volume, layout of work and rest area, lighting, recreational 
facilities, and waste management, it may be possible to develop more 
effective standards for designing similar systems in the future. 

During the 60 days on the ocean floor, the aquanaut-scientists will 
be subjected to measurements designed to record (1) task performance, 
(2) social interaction and (3) personal adjustment. 


Methods of Data Collection 


One of the principal methods of collecting behavioral information 
will be by closed circuit television, which will allow objective recording 
of observed behavior by personnel on the surface. 

One camera is located in each of the four habitat rooms. Two portable 
waterproof TV cameras with remotely controlled pan, tilt, zoom, and 
lens adjustment will be placed in the water on tripods in the vicinity 
of the habitat. On the surface, six TV monitors with switching facilities 
to select any or all cameras or open microphones will be set up in the 
control van. In addition, a video tape recorder and playback will be 
installed. 

Other methods of data collection include automatic recording of a 
specified events such as entrance and egress from the water, use of 
entertainment facilities and use of communication systems; systematic 
recording of brain waves, (EEG) during sleep; photography; diaries 
and report forms; interviews; as well as an analysis of the amount and 
quality of the work performed by the aquanauts. 

Prior to the mission, the aquanauts will undergo a series of measure- 
ments designed to gather data on demographic, personality, social and 
adjustment factors, sleep habits, habitat evaluation and food pref- 
erences. 





Monitoring of task performance will permit the assessment of the 
ability of crewmen, singly or as teams, to perform manual, sensory 
and intellectual tasks required in the mission plan. The tasks in question 
will include routine activities such as monitoring the habitat systems, 
preventive maintenance, repairs of malfunctions, and housekeeping 
tasks; or more demanding mental tasks such as the mission-oriented 
scientific activities, or the handling of emergency and unplanned 
situations. 

The purpose of the social interaction measurements is to monitor 
interactions between individual crew members and between the crew 
and topside personnel which affect the objective of the mission, and 
the morale and survival of the crew. 

The objective of the personal adjustment measurements is to ascertain 
any variations in emotion, motivation, and fatigue of the crew which 
may occur. 

Other important parts of the behavioral program of TEKTITE will 
be the Habitability and Human Engineering Evaluation of the habitat, 
phycho-physiological measurements (including sleep EEG) and the 
use of a psychomotor test which includes manual dexterity and decision 
making. These evaluations will be conducted jointly with engineering 
medical safety and other personnel in the program. 


BIOMEDICAL PROGRAM 


The objectives of this program are threefold: to aid in the monitor- 
ing of the medical aspects of a safe crew operation; to collect certain 
biomedical data; and to correlate this data with all the scientific aspects 
of the program. 

For 60 days, the TEKTITE aquanaut-scientists will be breathing two 
gas mixtures. In the habitat, the mixture will be composed of approxi- 
mately 92 percent nitrogen and 8 percent oxygen in which the partial 
pressure of the oxygen is maintained at the same level in the air atmo- 
sphere at sea level. When in the water, the aquanauts will breathe air 
under pressure equal to the pressure of the water. 

The data collected will help determine whether the two breathing 
mixtures and pressure affect blood composition, respiration, vision, 
and hearing of the aquanauts. Also of interest, will be the collection 
of bacteriological data to ascertain the actions and interactions of 
microorganisms found in the immediate environments of the aqua- 
nauts whether in or out of the water. 


Hematology 


Prolonged breathing of the two mixtures may affect the formation 
and destruction of blood cells or produce other changes in the func- 
tional capabilities of the blood. In order to permit a valid assessment 

9 


331-895 O - 69 - 2 





of any change in the blood, measurements will be taken periodically. 
The aquanauts themselves will take the blood samples from each other. 
The sample will be then sent to the surface in a pressure pot and sent 
to a laboratory for analysis. 


Pulmonary and Respiratory Studies 


Before and after the 60-day exposure to the denser atmosphere, 
the rate, depth and minute volume of respiration will be measured by 
having the aquanauts inhale progressively, zero, two, four and six 
percent carbon dioxide in 21 percent oxygen. This will allow a deter- 
mination of how increased atmospheric pressure alters the respiratory 
response to carbon dioxide. Related measurements will monitor the 
changes in the rate of diffusion of the carbon dioxide across the alveolar 
and capillary membranes. 

Other respiration measurements before, during and after exposure, 
are designed to determine how the denser breathing mixture affects 
the ventilatory function—the lungs’ bellow-like muscular activity of 
breathing in and out. It is possible that this particular atmosphere 
may increase the workload of the lungs. However, the changed work- 
load may condition the respiratory muscles permitting the lungs to 
have the same efficiency as in a normal atmosphere. At the same time, 
breathing work and efficiency will be monitored by measuring esopha- 
geal pressure. Additionally, before and after exposure, efforts will be 
made to find out if the dense atmosphere results in any increase in pul- 
monary compliance—the ease of expansion of the lungs—and airway 
resistance —the opposition offered by the airways to the flow of air into 
and from the lungs. 


Microbiology 


These measurements are intended to provide information on how 
the body bacteria of the aquanauts is affected by the water immersion 
and the factors of temperature and microbiological content. Efforts 
will also be made: to determine whether new microorganisms are 
introduced in the habitat as a result of such exposure; to monitor 
the interchange of microorganisms among the aquanauts; and to 
predict the results of interaction of the microorganisms present on 
the bodies of the aquanauts with their immediate environment. The 
data will be collected by examining bacteriological samples taken 
from the bodies of the aquanauts. Bacteriological content of the habitat 
will be measured by taking concurrent atmospheric samples as well as 
swabs of the habitat itself. Periodic water samples will be obtained at 
various distances from the habitat and analyzed for bacteriological 
content. 
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Vision 
Since vision disturbances are not anticipated, only “before and after” 


tests will be conducted to demonstrate that visual acuity has remained 
unaffected. 


Hearing 


Before and after their undersea stay, aquanauts will be tested by 
standard audiometric techniques. Analysis of the audiograms may 
indicate whether exposure had any effect on the hearing acuity of 
the aquanauts. 


AQUANAUT STATUS ASSESSMENT 


At least once daily a general physical assessment of the health of 
the aquanauts will be required. The aquanauts will give themselves a 
physical check-up and send the results to the surface. Among their 
daily measurements will be radial pulse and blood pressure. They will 
also take color photographs of any skin lesions they may incur and send 
them to the surface for analysis. This will enable the on-site medical 
officer to determine their general health or possible onset of disease. 

Participating in the biomedical program is the University of Penn- 
sylvania. Medical personnel from the university will oversee coordinate 
performance of many of the biomedical and medical status measure- 
ments to be used the the physiological evaluation of the aquanaut- 
scientists before, during and after 60-day mission. The University of 
Pennsylvania which has long-standing interest in undersea missions, 
will relate the biomedical aspects of TEKTITE I to its own program 
of undersea environment research. 

The aquanaut-scientists have spent seven days in the University of 
Pennsylvania Hospital providing medical personnel baseline biomedical 
data. After the mission two full days will also be utilized for the same 
purpose. During these two periods, baseline behavioral data will also 
be collected. 


HABITAT DESCRIPTION 


The basic habitat consists of two interconnected vertical cylinders 
18.1 feet high and 12.5 feet in diameter mounted on a base structure. 
Each of the cylinders contains two compartments. The left side houses 
the crew quarters on the lower deck and the bridge or control room 
above. The right cylinder connects with the left by means of a four and 
a half foot diameter transfer tunnel running from the bridge to the 
upper half of the right cylinder, the engine room. The lower half of 
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the right hand side houses the wet room which is continually left open 
to the sea for easy access in entering and leaving the habitat. 

The right side of the habitat also supports a five-foot high, two-foot 
diameter cupola mounted on top of the cylinder for additional observa- 
tion purposes. 


Internal Lay-Out 


The crew quarters contain a small galley, bunks, storage for personal 
gear, and entertainment equipment consisting of radio and television 
facilities. An emergency exit hatch and scuba equipment are located 
in the crew quarters. 

The bridge serves a dual purpose: (1) as the control center for the 
habitat system and (2) as a laboratory for the scientists. 

The engine room contains the larger items of the environmental 
control system, the primary transformers, switch gear, and the large 
freezer for food storage. Since the four aquanaut-scientists will take 
a 60-day supply of food with them, this supply will not be replenished 


during the mission. 


Interior view of crew quarters shows bunks for the four aquanaut-scientists, the entertainment 
console, and galley. The crew will live 60 days continuously below the water's surface using the 
GE designed and built habitat as home and laboratory. 
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Since the wet room is always open to the base, and therefore directly 
to the sea, it is the only compartment which does not have controlled 
humidity; it houses the SCUBA gear, for use by the crew while conduct- 
ing experiments outside the habitat, and an outlet for recharging the 
SCUBA bottles. In addition, it contains a laboratory including a wet 
sink where the scientists can perform specimen preparation. It also 
contains a hot shower. 


Communication 


The bridge, which is the communications center, is connected 
to the Surface Support Facility by phone, intercom and voice sonar. 
Each compartment is equipped with an intercom station connecting 
it with the other compartments as well as the support barge, an open 
mike and closed circuit TV monitor for the behavioral program, and 
audible and visual alarms. The bridge also has sound-powered phone 
and voice sonar links to the Surface Support Facility. In addition, the 
Bridge is able to monitor the open mikes and any two of the closed 
circuit TV cameras. The voice sonar also permits direct communication 
with crew members when they are out of the habitat. 

In the wet room there is a timer for recording the times when the 
individual crew members leave and enter the habitat. Externally there 
are audible and visual alarms and two closed circuit TV monitors. One 
of these monitors will be fixed so as to observe the habitat entrance 
while the other will be used for remote observations of selected areas 
by the crew. There will also be both fixed and portable lights outside 
the habitat. 


Environmental Control System 


The Environmental Control System will provide a comfortable, 
clean atmosphere for the crew. The oxygen partial pressure will be 
maintained at the normal sea-level value with nitrogen used as a diluent. 


Surface Support Facility 


The Surface Support Facility will provide the direct surface support 
required by the habitat. The equipment will be mounted on an Ammi 
barge either moored or jacked-up near the habitat site. On the barge 
will be a van containing the cuty stations for the test director, medical 
duty officer and behavioral observers. The electrical generating equip- 
ment, air compressors, purge bottles and stand-by breathing gas are 
also located on the barge, as well as the habitat water supply. All these 
utilities are connected to the habitat by umbilicals. The Surface Support 
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Facility also provides safety services for the habitat. A deck decompres- 
sion chamber (DDC) and a personnel transfer capsule (PTC) will be 
available for the transfer of the crew at the end of the mission or in 
case of an emergency. In addition, a safety patrol with qualified divers, 
in a small boat, will be standing by at all times. 


Other Equipment 


There will be five way stations located in the general area of the 
habitat. These stations will provide several benefits to the crew. They 
will make excellent observation posts from which the aquanaut-scientists 
will be able to observe the immediate area and, if desirable, record 
their observations in a dry environment. These way stations will also 
enable the scientists to make minor adjustments to their equipment or 
to carry on a conversation with their comrades in the habitat. Also, if 
the occasion should arise, the way stations will provide a place of refuge 
from sharks. 

A simple dumbwaiter system will be installed adjacent to the habitat 
for the dry transfer of small items between the surface and the habitat. 
Typical items to be transferred are blood and urine samples from the 
crew, marine biological and geological samples for surface laboratory 
analysis, and special tools or equipment for the scientists. 


UNDERWATER CONSTRUCTION FOR PROJECT TEKTITE 


The Naval Facilities Engineering Command, the Navy’s underwater 
construction manager, is responsible for the design and development 
of the systems used by the SEABEES to launch, emplace and integrate 
TEKTITE I components on and under the surface. 

The underwater emplacement of the habitat is to be accomplished by 
12 selected construction divers detailed to SEABEE Amphibious 
Construction Battalion TWO (ACB-2) from the SEABEE Battalions 
of the Atlantic and Pacific Fleets. Another detachment of SEABEES 
has already constructed a base camp of permanent structures to support 
approximately 100 scientific, support and other personnel who will 
reside at Lameshur Bay during the construction and experiment phases 
of Operation TEKTITE. 





Fifth Cryopreservation Conference to be held at Buffalo, New York, August 7-9, 
1969. Additional information may be obtained from LCDR Vernon P. Perry, MSC, 
USN, Tissue Bank, Clinical Investigation Department, Naval Medical Research Insti- 
tute, National Naval Medical Center, Bethesda, Maryland 20014. Phone: Area Code 
301-295-1123. Sponsored by the Office of Naval Research and held in conjunction 
with the Sixth Annual Meeting of the Society for Cryobiology. 
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Mechanical Failure Technology 


LCDR Donald Flage 
Office of Naval Research 
Washington, D.C. 


The Office of Naval Research has formed a multi-service group to 
conduct studies in mechanical failure technology with the hope of 
preventing mechanical failures in service by analysis, detection, and 
control studies. The problem of machine or component failure was 
long accepted as an inevitable operating hazard. Early attempts to 
reduce the likelihood of failure involved primarily design improve- 
ments based on experience as the frequency of failure increased. 
More recently, preventive maintenance programs have been developed 
which greatly reduced the possibility of failure. Rising costs of main- 
tenance programs and machine down time have provided a strong 
incentive for the development of effective reliability programs par- 
ticularly for the highly complicated marine and aircraft propulsion 
systems that require vastly improved levels of machine system relia- 
bility. A variety of statistical and other techniques recently have been 
developed to make certain that high reliability levels are constantly 
achieved. For very critical applications, redundancy is often used. 

High reliability, preventive maintenance and redundancy are costly 
while the consequences of failure have become more severe. Further- 
more, even more sophisticated designs cannot eliminate the possibility 
of failure. The material properties and the operating environment 
are both subject to significant statistical variation so failure cannot 
be eliminated. It is clear that further steps are necessary to reduce 
the frequency of failure. 

There is one element of failure prevention which has often been 
neglected, that is, our understanding of the failure process. We have 
come to think of one failure as a completely random and unpredict- 
able event. We have also come to think that the failure of a component 
can be caused by a large variety of events and once the causes are there, 
failure results. This is not necessarily so, as indicated by the following 
example of journal bearing failure. 

Journal bearings generally fail by wear or seizure. However, if one 
prepares a list of the causes of bearing failure (and this has been done) 
approximately 30 important ones could be suggested. They vary from 
such things as excessive oil temperatures to dirt trapped between the 
bearing surfaces. However, if one analyzes these failures from the point 
of what happens to the bearing itself the list can be shortened con- 
siderably. Bearing failure processes based on this approach are given 
in Table I. 


15 





TABLE I The many causes of failure can be 
SLIDING BEARING FAILURE reduced to a few very definite, manage- 

PROCESSES able processes when analyzed from the 
point of view of what happens to the 
bearing. What this example points out 
is that much can be done to under- 
stand failures by a more thorough study 
of the failure processes in machine 
components. The purpose of this paper 
is to describe the scope of the failure technology area, the Mechanical 
Failure Working Groups and some of its programs. 





Change of clearance 
Change of shape 
Surface roughening 
Shaft-bearing rubs 
Fatigue 











SCOPE OF MECHANICAL FAILURE TECHNOLOGY 


Mechanical failure technology is the application of science to the 
understanding of mechanical failure processes. Often the failure pro- 
cess is described in terms of cause and effect; such a description is, 
if dirt gets in the bearing it will score. What mechanical failure tech- 
nology tries to do is understand what happens between the dirt and 
the scoring and put this in terms of descriptive variables. In Table II 
the various steps in such a study are outlined. 


TABLE II 
STUDY OF MECHANICAL FAILURE PROCESS 





Define what is failing (component). 
Define what constitutes practical failure. 


Define the changes in the component and ancillary systems which 
can lead to failure. 


Define the sequence of events which lead to failure. 
Put the failure process in terms of its significant variables. 
Describe the effect of operational variables on the failure process. 











The study begins with the definition of the component and a descrip- 
tion of a failure. Thus, various changes in the component which lead 
to failure can be outlined. The first three steps have been discussed 
using a bearing for an example. To carry this example further, let us 
select one of the bearing failure processes the “shaft bearing rub.” 
In Figure 1 the coefficient of friction and the temperature are plotted 
for the small initial area of contact. At zero time the rub occurs and 
there is a transition from hydrodynamic to boundary lubrication. 
This brings about a temperature rise from 80°F (coefficient of friction 
of .02) to 400°F (coefficient of friction of .10). However, before the 
temperature reaches 400°F, the lubricant failure temperature is reached 
at 350°F. Unlubricated sliding results with a friction coefficient of 0.3. 
This means that the temperature should rise to 1200°F. However, when 
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it rises to about 800°F a pro- 
cess known as “junction 
growth” occurs, friction in- 
creases to 0.80 and most like- 
ly seizure would result. Thus, 
we can qualitatively describe 
the failure in terms of the 
friction coefficient, the tem- 
perature, and the area of 
contact. It would then be nec- 
essary to describe the failure 
in terms of bearing variables 
such as pressure, velocity, 
etc. This is but one example 
of a detailed study of failure 
processes. The work here is 
by no means complete and 
there are several other pro- 
cesses even for a journal 
bearing. The task, however, 
is not excessively large and 
there are not that many fail- Figure | 

ure processes. 

There is much which can be learned from a greater understanding 
of the failure process. However, since the objective of the program 
is to prevent mechanical failures in service, the strongest incentive is 
to utilize this information in two areas: 


FRICTION COEFFICIENT 


5 8 10 
TIME (MILLISECONDS) 


* Improved Designs or Design Criteria 
* Development of Diagnostic Information. 


The translation of failure information into practice is relatively sim- 
ple. Take again the example of the bearing. Referring to Figure 1 
some apparent ways to prevent failure are obvious. Limiting the time 
of contact would be an obvious solution. Not so obvious is to find a 
material with special frictional properties. Suppose that a material 
could be found which instead of experiencing junction growth and 
seizure, actually melted and wore rapidly. This would lower the tem- 
perature and remove the area from contact by wear and lubrication 
could then be restored. Such materials do exist. Plastic materials with 
the correct melting point were shown to behave in such a manner. 

Thus, the scope of mechanical failure technology is the study of 
failure processes in components to evolve better designs and criteria 
or diagnostic instrumentation. In this way, significant contributions 
can be made to reducing failures in practice. 
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MECHANICAL FAILURE WORKING GROUP (MFWG) 


The Office of Naval Research is sponsoring a government working 
group to study all aspects of mechanical failure technology. The 
group consists of representatives from the Aeronautics Space Adminis- 
tration, Atomic Energy Commission, Fedefal Aviation Administration, 
Maritime Administration, the military services, universities, and in- 
dustry. The committee of sponsors are representatives of governement 
agencies who contribute financially to the program. They have selected 
a steering committee which determines the courses of action which 
the group should take. Four committees have been appointed as tech- 
nical advisors to the steering committee. These committees are the 
Diagnosis and Detection Committee, the Mechanisms of Failure Com- 
mittee, the Design Committee, and the State of Art and Applications 
Committee. The Mechanisms Committee concerns itself with under- 
standing the failure processes, the Diagnosis Committee with develop- 
ment of detection instrumentation, and the Design Committee with 
improving the overall design for machinery. The State of the Art 
and Applications Committee is charged with appraising and keeping 
abreast of the literature on mechanical failures, and also determines 
those applications where problems are severe enough to justify at- 
tention of the steering committee. In this regard it can be realized that 
the subject of mechanical failures is very broad and much work has al- 
ready been accomplished. Certain technical areas have advanced or 
are advancing at a sufficiently rapid rate so that little attention is needed. 
Other fields are making very little progress and are a limiting item in 
design. The committee will direct its activities to lagging areas. Ini- 
tially the committee is investigating main power sources and auxiliary 
items. Those systems, components and failure mechanisms presently 
under consideration by the committee are listed in Table III. The 
subject of failure is limited by the criticalness of the application. At- 
tention is primarily being directed at those applications where a failure 
could mean loss of life or a loss of mission. 

A member of a technical committee is a scientist or engineer who is 
directly engaged in research or development within the indicated tech- 
nical area. These committees meet several times a year for small round- 
table discussions on current activities, problems and solutions. These 
meetings are essentially a forum for technical discussions where ideas 
can be interchanged informally. Once a year each committee reports 
its progress to a larger audience in an open meeting. Technical papers 
on the subject are presented as well as the committee reports. 

The secretary coordinates the work of the technical committees by 
providing logistic support including arranging meetings, and pre- 
paring and distributing minutes and reports. The associates are those 
people interested in the objectives of the group who wish to attend 
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TABLE III 


TECHNICAL AREAS OF CONSIDERATION 





Systems 


Components 


Mechanisms 








Gas Turbines 
Steam Turbines 
Gasoline Engines 
Diesel Engine 
Compressors 
Pumps 

Heat Exchanger 


Valves 
Structures 
Pressure Vessels 
Blades 

Shafts 

Sliding Bearings 
Gears 


Cams 


Buckling 

Creep 

Shock 

Fatigue 

Fracture 

Friction and Wear 
Lubrication 


Stress Corrosion 


Couplings 

Seals 

Rolling Elements 
Pistons 

















the meetings and keep abreast of developments. The MFWG is sup- 
porting a number of programs in the mechanicai failures area. These 
are described in the following section. 


CURRENT WORK TASKS OF THE MFWG 


The following are the work tasks which are currently being investi- 
gated. 


TASK TITLE: 


TASK DESCRIPTION: The task is to conduct a literature search 
covering a period of five years (1962-1966) concerning all aspects 
of mechanical failure technology. From the search, those reports 
deemed pertinent will be categorized, indexed, and abstracted. 
Subsequent phases of the basic contract will call for a yearly up- 
dating of the Mechanical Failures Bibliography through 1970. 


TASK TITLE: Shipboard Failure Detection 


TASK DESCRIPTION: The objective of this work is to demonstrate 
that sensors and techniques for their use can be developed to detect 
very early or incipient faults before failures progress to the point 
where they degrade system performance before they are recognized. 
The work will include: 


Mechanical Failure Technology Bibliography 


* Development of test data collection requirements and procedures; 
* Data collection; 
* Malfunction classification; 





* Data analysis for malfunction detection and assessment of failure 
prediction capabilities using “Frequency of Binary Word” or other 
appropriate techniques. 


TASK TITLE: Mechanical Failure Detection 


TASK DESCRIPTION: By analysis and experiment, correlate the 
wear of spur gears with the noise and vibration which they produce. 
Design and construct a preliminary model of a detector which 
will provide an indication of the severity of wear of the gears and 
which will signal when wear has proceeded to the point where a 
failure can be anticipated. The design will be based on: 


¢ The results of data analysis and comparison using the techniques 


recently developed and 
* Correlating information on internal gear mechanics. 


Test the effectiveness of the detector by laboratory experiments 
and make refinements and improvements as indicated. 


TASK TITLE: Material Failure Mechanism 


TASK DESCRIPTION: This is a study of fundamental failure 
mechanisms in metals focused on the metallurgical investigation 
of the rolling contact fatigue occurring in roller and ball bearings. 
The work will include: 


* Electron and optical microscopic study of fatigue damage sur- 
rounding flaked areas in failed bearing parts which have been 
operated under controlled conditions; 

* Ultrasonic detection and analysis of incipient failures; 

* Investigation of mechanism of stressed induced transformations. 


TASK TITLE: Failure Indicator Systems 


TASK DESCRIPTION: Perform studies aimed at obtaining a op- 
tical laser failure indicator and predictor system. Utilize the bearing 
noise signature of good bearings. Develop an optical laser spectrum 
of these bearings. A hypothetical bearing noise (failure) will be added 
to the signal and the difficulty in recovering it will be analyzed (in- 
cluding the problem of optical filters). Optical means of getting the 
frequency spectrum, signal filtering, and cross correlation, and 
the basic requirements on the length of sample and frequency reso- 
lution will be investigated. Finally, the advantages and disadvantages 
of doing this optically versus digitally will be discussed, as well as 
means of implementing this system. 


TASK TITLE: Component Failure and Detection 


TASK DESCRIPTION: A component wear failure analysis will 
develop the following items: 
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* Definition of failure in the component; 

* Description of processes which lead to failure; 

* Outline of measurements which must be taken to detect this 
failure; 

* The accuracy and time scale of the measurements; 

* Means by which these failures may be avoided for contacts, brakes, 
clutches and piston rings. 


Based on these results, instrumentation will be developed which 
will detect the major failure processes. This instrumentation will 
subsequently be breadboarded and evaluated. 


TASK TITLE: Material Failure Phenomena 


TASK DESCRIPTION: The objective is to study the phenomena 
which occur when individual peaks of a metal surface undergo con- 
tact. The investigation covers kinematic, dynamic and thermal as- 
pects of the contact occurrence in regard to lubricant film, geometry, 
forces, motions, wear and heat generation. This study of elemental! 
contact occurrences and effects in rolling and sliding will include: 


* Development of the method of testing and the development and 
modification of testing equipment; 

* Experimental studies of contact occurrences in time, friction and 
temperature analysis, other parameters and correlation with sur- 
face geometry; 

* Analysis of the parameters such as forces, stresses and tempera- 
tures with an interpretation of the data and phenomena explain- 
ing the relationship of these parameters. 


TASK TITLE: Prediction of Catastrophic Failure of Naval Aircraft 


TASK DESCRIPTION: Critically examine the accumulated data 
currently available within the spectrometric oil analyses program 
sponsored by the Naval Air Systems Command. This program con- 
sists of periodically sampling the oil from virtually all operational 
aircraft and analyzing it for metallic content on a spectrometer. 
For one aircraft type, evolve an analytic model for predicting in 
advance the occurrence of catastrophic failures by means of multiple 
regression techniques. 


TASK TITLE: Photo Extraction Techniques 


TASK DESCRIPTION: Improve the detectability of defects in many 
materials which are presently difficult to evaluate non-destructively. 
Since basic radiography, as well as photographic extraction tech- 
niques are well within the state-of-the-art, emphasis is to be placed 
on the optimization for each type of material with its peculiar defects. 
The expected outcome of this effort is a set of firm recommendations 
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for radiographic exposure, photo-processing and extraction pro- 
grams, suitable for adaption as a recommended test procedure. 


SUMMARY 


Considerable improvements can be made to reduce mechanical 
failures in service. To accomplish this, detailed studies of the mechani- 
cal failure processes in components are needed. From these studies 
improvements will result in design criteria and in instrumentation to 
detect incipient failure or malfunctions. A mechanical failures working 
group sponsored by the Office of Naval Research has been formed 
to investigate this area of activity and to conduct programs to reduce 
the incidence of mechanical failures in service. 





The Mathematical Sciences: A Report 


Even though mathematics is a vital part of engineering and physics, many layman 
think of higher mathematics as a research field which is of interest only to mathematics 
professors. Today, thanks in part to the versatility of modern high-speed computers, 
the mathematization of science is extending into what the National Academy of Sciences 
refers to as “the mathematization of culture.” In a three-volume publication, The Mathe- 
matical Sciences: A Report, the National Academy describes the wide range of human 
endeavors and national goals which rely upon mathematical science and which are now 
developing mathematical power to and beyond its present resources. Some of the new 
mathematical applications which appear in economics, business management, medical 
research, military logistics, and operations planning, call upon fields of mathematics which 
were formerly underdeveloped both in application and research interest. 

In addition to an analysis of the role of mathematics in the national scientific context, 
the National Academy Report presents in detail the problems of undergraduate education 
in the mathematical sciences and makes 22 recommendations to educators and federal 
science administrators for improving mathematics departments. The recommendations 
acknowledge three essential goals for mathematical education: 


* To train the needed numbers of mathematicians for specialized research, application, 
and teaching. 
To provide the mathematical background for those students destined to be scientists 
and engineers. 
To raise the general level of mathematical interest and knowledge among the future 
leaders of the coming generation who will be confronted with management problems 
presented to them by computers and consultants using mathematical arguments for 
decision choices. 

The relevence of these goals to the training of Naval Officers gives this report a special 

interest to the Naval Academy and the Naval Postgraduate School. 


The book may be purchased through the National Academy of Sciences, 2101 Constitu- 
tion Avenue, N.W., Washington, D.C. 20418 for $6.00. It contains 256 pages. 
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Navy THEMIS Program 


The Office of Naval Research has awarded contracts, amounting 
to thousands of dollars, to 16 previously selected universities to carry 
out the Navy portion of the Defense Department’s THEMIS project. 

Project THEMIS was initiated in 1967 in a DOD effort to develop 
new scientific centers of research at academic institutions in response 
to long range scientific and technological requirements of the nation. 

The project has two complementary objectives: 


¢ The development of new science-oriented centers capable of 
contributing basic knowledge towards the solution of important 
defense problems of the future; and 
Stimulate research programs at universities which have not pre- 
viously participated to a significant extent in defense research 
programs. All of the research programs are unclassified and are 
monitored by either the Navy, Army, Air Force or the Advanced 
Research Projects Agency. 


The contracts awarded by ONR represents the first installment of 
funds for what are intended to be long-range research programs at 
the universities that will perhaps continue for several years. In 1967 
there were 50 proposals accepted for research study with 16 of these 
going to the Navy, the same number as sponsored by the Navy this 
year. Contracts issued to the universities last year have all been renewed 
for continued investigations of their specific technology and science 
projects. New programs to other universities will be started in successive 
fiscal years. 

The university proposals selected for Navy sponsorship in 1968, the 
annual funds allotted to them, and a brief description of the research 
to be conducted are listed below: 


Catholic University of America ($394,000) 


This university has been awarded contracts for two separate pro- 
grams. One program funded at $201,000 will investigate cable systems 
employed between a vehicle to be moved and a powered vehicle as 
associated with naval and other applications. The objective of this 
program is to develop a body of knowledge applicable to the use of 
cable systems in deep-sea operations such as rescue, salvage, mooring, 
towing, sonar deployment, communications and ocean science. 

The second program, funded this fiscal year at $193,000, will be 
concerned with the structure and time-dependent properties of glassy 
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materials and glass-forming liquids. Applications of these materials 
are essential to infrared transmitting glasses for high temperatures, 
deep submergence structures, aircraft windshields and laser glass 
with low scattering lasers. 


Colorado State University ($465,000) 


The Colorado University has also been awarded two contracts. An 
annual award of $215,000 is projected toward a comparison study of 
atmospheric lower winds over a variety of terrain conditions to those 
generated in laboratories for a similarity criteria. Favorable results 
will bear directly in problems involving the diffusion rates of radioactive 
chemical and biological agents, the dispersion of low flight-path missiles, 
local weather modifications, short wave length electromagnetic trans- 
mission as well as VTOL and STOL aircraft. 

The second Colorado University study under a contract of $250,000 
will be conducted in a field experiment in eastern Venezuela to obtain 
data on tropic weather since it presents problems different from that 
of temperate zones. An extensive meteorological-hydrological network, 
already existing in this region, will be used in an attempt to formulate 
weather forecasting rules and techniques in tropical climates. Special 
emphasis will be aimed at developing capabilities to forecast stream 


runoff and soil trafficability in the tropics. Knowledge of tropical 
weather conditions is vital to tropical naval operations. 


Flordia State University ($230,000) 


This program is aimed at research to advance the state-of-the-art 
in educational technology with the help of computer-assisted instruc- 
tion. The main emphasis in the study will be an investigations of teach- 
ing strategies to optimize learning in the context of computer based or 
computer-managed systems. Navy training systems require advances 
and innovations in educational technology which will increase the 
efficiency of training. 


University of lowa ($200,000) 


The object of this research program is to apply the theoretical 
principles and techniques of mathematics, linguistics, computer science, 
and engineering to the problems of automata theory. These efforts 
will supplement and support the existing Navy program in mathematical 
automata theory and linguistics directed toward significant naval 
applications in intelligence, command and control, and man-machine 
interaction. 
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Jefferson Medical College ($195,000) 


Efforts will be made in this study to seek factors involved in the 
development of acute diarrheal disease with emphasis toward finding 
reasons why some individuals develop acute symptons while others do 
not when both are exposed to similar conditions. 

The disease is a major cause of disability in military medicine and 
is prevalent in Marine Corps troops in Vietnam. Results of this in- 
vestigation could lead to the development of preventive measures 
for the diarrheal state that often cripples naval operations where 
the disease persists. 


Kansas State University ($288,000) 


This is an investigation into the effects of nuclear or cosmic radiation 
on electronic materials, components, and devices. Theoretical models 
of electronic equipment will be used for the prediction of radiation- 
induced effects in these materials with an attempt to develop radiation 
resistant devices. Improved radiation-resistant components are required 
for the fleet, reactor control systems and satellites. 


Lehigh University ($200,000) 


Efforts will be applied under this contract to establish a quantitative 
understanding of the factors which influence recurring fatigue of 
materials and structures at welded joints. A knowledge of the causes of 
the fatigue behavior of joined structures, based on theoretical analysis 
and experimental observations, could aid design procedures prior to 
developments. The problem is revelant to a wide variety of naval 
structural applications. 


University of Missouri ($200,000) 


This program is directed toward a study of the cluster, growth and 
evaluation processes of liquid water drops, such as would occur in 
clouds. The detailed studies are aimed at the formulation of quantita- 
tive laws of these processes that could lead to the creation of a support- 
ing technology for weather modification and forecasting cloud pro- 
cesses. 


University of North Dakota ($263,000) 


The contractor in this proposal will design, construct, and operate 
a unique high pressure facility for studying the effects of prolonged 


25 





exposure of animals in controlled hyperbaric environments. The main 
goal of this program is to achieve a recognized capability in the area 
of high pressure research as it relates to long term saturation exposures 
of animals to simulated deep submergence conditions. A comprehensive 
knowledge of animals to high pressure conditions is important to the 
Navy’s Man-in-the-Sea program. 


University of Oklahoma Medical Center ($202,500) 


Research in this program will be directed toward employing an 
approach to uncover the physiological mechanism involved in shock. 
Particular attention will be paid to the role of the lung in contributing 
to the high morality rate of persons in the state of shock. Results from 
these investigations could lead to the development of suitable therapy 
for shock patients. 


Renesselaer Polytechnic Institute ($202,500) 


Experimental and theoretical research on radiation effects in gases, 
liquids, metals, and semi-conductor materials will be used for develop- 
ing radiation detection devices and materials for use in intense radia- 
tion environments. Improved radiation resistant devices are required 
for the fleet, nuclear reactors, and for satellite systems. 


Rice University ($175,000) 


This program is slated for a study of the generation and detection of 
coherent and incoherent electromagnetic waves. A better understand- 
ing of x-ray optics, gamma-ray optics, and electromagnetic radiation 
would pave the way for improvement in navigational devices, low-light 
level and infra-red sensors as well as naval communications. 


Southern Methodist University ($251,000) 


The contractor is developing statistical procedures under this pro- 
gram for the calibration and interpretation of signals from information 
processing systems which have associated instrumentation errors. 
The contractor will take the Navy relevant problem of underwater 
acoustic detection as a point of departure to suggest areas needing 
theoretical and practical attention. The procedures that are developed, 
however, would improve information processing systems and have 
many applications to other problems. 


West Virginia University ($208,000) 


The objective of this research is to develop a body of knowledge in 
vertical and short takeoff aircraft aerodynamics for typically Navy 
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operating conditions and environments. Information from this research 
is vital to the current interest of the Navy in developing a vertical 
takeoff aircraft that could be used in a variety of air/sea operations. 





New Minisubs Launched 


Mrs. Thomas B. Owen, wife of RADM Thomas B. Owen, Chief of Naval Research, 
sponsored one of a pair of deep-diving research submarines at a ceremony held at the 
Electric Boat Division of General Dynamics, Groton, Connecticut. Previously known as 
AUTEC I and AUTEC II, the submarines were renamed Sea Cliff and Turtle. Mrs. Owen 
christened Sea Cliff; Mrs. Edward J. Fahy, wife of RADM Edward J. Fahy, Commander 
Naval Ship Systems Command, christened Turtle. 

The two 20-ton, 26-foot-long submarines are equipped with two elaborate manipulating 
arms designed to duplicate the motions of the human arm and wrist; they are capable 
of lifting 100 pounds at full reach. The submarines are equipped with emergency escape 
systems. 

Turtle will maintain the underwater components of the AUTEC Range in the Bahamas. 
She will inspect the miles of cable in depths down to 6500 feet, her test depth. Her two 
manipulating arms will retrieve and repair the numerous sophisticated instruments, and 
she will be prepared to recover ship equipment which might be lost on the advance 
AUTEC Range. Sea Cliff, who will be assigned to the Woods Hole Oceanographic I nstitu- 
tion, under contract with the Office of Naval Research, will transport geologists and 
geophysicists investigating the deep scattering layers of the ocean floor. 


27 





Down to the Seas in Concrete 


Dr. Ralph A. Burton 
Office of Naval Research 
London 


If one tends to visualize a concrete boat as something like a floating basement, 
it may be a surprise to know that trim and graceful craft can be made of concrete 
no more than 5/8 inch thick. If one has ever had a basement that cracked and 
leaked, he would examine a concrete boat warily and would find his credulity 
strained by the fact that the concrete boats are both watertight and damage 
resistant. Nevertheless, this is what one finds at the Windboats Construction 
yards, Wroxham, Norfolk, England. 

Concrete as a construction material for boats was adopted by the Windboats 
Shipyard in 1959 when a civil engineer recommended that they build such a 
boat as an experiment. Following considerable development, both in concrete 
mix and in constructional methods, the company made several launches which 
could be hired out for use by vacationers. Such launches are subject to consider- 
able abuse in the hands of amateur pilots and normally need major repairs at 
the end of a holiday season. Much to the surprise of the manufactures the 
contract launches were found to be intact, and capable of being left in the 
water until the next season came around. Further development led to the 
construction of more ambitious sizes of boat, and the firm now manufactures 
a trawler of 47-foot length and 13-1/2 foot beam. Such boats are ordered 
primarily for use off the coast of Africa, the Solomon Islands, and other such 
places where wooden boats have very short life, and where metal boats require 
more maintenance than the owners wish to give them. 

The boat yard in England has built over 160 different boats, and presently 
turns out a fresh hull every five days. Interest in the boats has developed over 
the past year and licensees are being set up throughout the world. Mr. T. M. 
Hagenbach, owner of the boat yard, expects that, ultimately, his yard will only 
be concerned with research and development of pilot models for new applica- 
tions. Presumably the experience so obtained would be transmitted to the 
licensees, and the main construction efforts would be carried out by these. He 
cites an advantage of the technique in that very little plant investment is re- 
quired, and that only a reasonable level of skill is required of the construction 
crew. He said that garage mechanics or others who had a basic facility for use 
of their hands could be trained to manufacture concrete boats in only a few 
weeks. 

Hagenbach points out that many kinds of concrete boats have been attempted 
in the past. Indeed, he notes that a ferro-cement boat was built by a man named 
Lambot in France over 120 years ago. The boat, only 3.6 meters long and 1.35 
meters across the beam, is in the museum at Brignoles, France. The shell is 
approximately 35 millimeters thick (much thicker than a comparable boat 
would be under present design techniques) and is said to be in good condition, 
still. Similarly, Prof. T. L. Nerzi of Rome has used the technique in the con- 
struction of a dozen boats, principally to demonstrate that the materia! is 
suitable for the purpose. Concrete barges left over from WWII may still be seen 
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floating on the Thames. This background and the fact that amateurs can build 
a passible hull from ordinary cement seems to confuse the issue as to what 
Windboats have accomplished. The answer is that they have brought the 
technology to the point where the material is competitive and attractive for 
many applications. Hagenbach notes that 75 percent of their knowledge is 
in the form of things not to do. 

The actual construction of the hulls is done in secrecy in large hangar-like 
buildings, and the outfitting is done by conventional carpenters and shipwrights. 
On entering the boat yard, one sees the hull of a large trawler (47 feet long, 
13-1/2 foot beam) of pleasing form, outfitted with engines and propeller, ready 
for sea once its wooden deckhouse is set on it. The decks of the boat are of 
concrete and are made integral with the hull. There are no structural beams 
throughout the interior, since the concrete shell itself is strong enough even 
for a boat of this size. There are some flooring members on which the engine 
is set and the packing gland for the propeller shaft is cast into the concrete 
hull. Fish tanks, mounting plates for the winches, and the bulwarks are part 
of the concrete unit, so very little finishing is required. Presumably the deck- 
house (which simply serves as weather protection for the pilot) could also be 
made of concrete if this were desirable. For such a hull completely outfitted 
as described the materials cost is only $1296 and construction requires 2752 
man-hours. On this basis the cost will vary from nation to nation (time and 
overhead for labor in Spain, for example, may be as low as 75 cents an hour). 

Hagenbach says the hull can actually be made 15 to 30 percent cheaper : .an 
a conventional one, and that the boat would run five percent cheaper than con- 
ventional ones. The ease of maintenance is as great a consideration as is the 
cost itself. 

The firm has also built: a 35-foot pilot boat for the Persian Gulf, a smaller 
30-foot trawler for shell fishing in Somalia, a 47-foot seiner hull for South 
Yemen, a luxury 26-foot four-berth cruiser for sheltered water cruising (here 
more care was given to the finish than in the fishing boats, so that the general 
appearance after painting in no way betrays the concrete skin), a series of 
33-foot houseboat with fiberglass cabins and all necessary luxuries including 
air conditioning, a 16-ton auxiliary sloop with sails designed for use in the 
West Indies. They have built police patrol boats for Nigeria, pontoons, buoys, 
floats, and tanks for water as well as oil. They have even constructed a pre- 
fabricated swimming pool which is carried as a shell and dropped into a hole 
which has already been dug for it. The firm has not yet foreseen any upper 
limit in the size of a ship which could be made by their techniques, and they 
are simply waiting for an order to start building something bigger. 

Near the boat yard one finds the smokey remains of a burned-out hull. An 
explosion inside the boat blew the cabin top 50 feet into the air and sent the 
mast 200 yards away, the interior of the boat was completely gutted by fire and 
all wooden construction was consumed. The explosion caused only minor cracks 
at the transom corners of the hull, which is now used to demonstrate that 
concrete construction is fire-proof. It is also used in another very convincing 
demonstration in which the observer is given a four-pound sledge hammer and 
told to break the concrete. The hammer simply bounces back with a deep ring- 
ing sound on contact with the hull, and repeated blows flake off only a thin 
layer of the external material down to the first layer of iron mesh. 

—Continued on Inside Back Cover 
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On the Naval Research Reserve 


NRRC 1-1 Held a Three Day Seminar on 
International Relations 


A three day “Seminar on International Relations,” sponsored by 
the Naval Reserve Research Co. 1-1 of Boston, was held at the new 
Bentley College campus in Waltham, Mass. November 15-17, 1968. 

Participating in the series of lectures were Wilbert K. Carter, asso- 
ciate professor of sociology at Tufts University and a CDR, in NRRC 1-1, 
Dr. Robert Delaney, director of the Edward R. Murrow Center of 
Public Diplomacy, COL Thomas Dutton, USMC, faculty member of 
the U.S. Naval War College, Dr. Moses Steiner, professor of Near 
Eastern Civilization, Hebrew Teachers College, and Charles B. Vetta 
of the U.S. State Department. 

The seminar concluded with a panel discussion, “Soviet Foreign 
Policy in the 1960’s,” moderated by Alexander Zamperion, assistant 
professor of economics at Bentley. Members of the panel included Allen 
Cameron, currently doing research at the Fletcher School of Law and 
Diplomacy, and who is compiling a two-volume collection of documents 
on Vietnam; Dr. Robert Legvold, assistant professor of government at 
Tufts University and author of a forthcoming book on Soviet policy 
in Africa; and Herbert L. Sawyer, assistant professor of government 
and chairman of the Government Department at Bentley College. 

Dr. Benjamin M. Perles, professor of economics and chairman of 
the Economics Department at the host college and CAPT, USNR-R, 
NRRC 1-1 was chairman of the three-day program. LCDR Arthur H. 
Post, USNR-R, NRRC, was the coordinator and CDR Charles F. Davis, 
Jr., USNR-R, is CO of NRRC 1-1. 


NRRC 3-9 Hosts Meeting 


NRRC 3-9 recently hosted a Group Commander’s meeting. COs, 
XOs and Group Staff Officers of Naval Reserve Group 3-10(S) attended. 
Units represented included several surface divisions, military training 
division, CBs, NROS, Dental Company and the Research Company, 
and geographically are drawn from the eastern end of Long Island. 
CDR S. J. Tassinari USNR, the Group Commander (a former CO of 
the Research Company) presided at the meeting and reviewed major 
points of common interest. CAPT B. L. Tanner, who recently reported 
to COM 3 as Assistant Chief of Staff for Naval Reserve and Training 
addressed the group and answered questions concerning overall policy 
and recent directives. 
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The Group Commander of 3-10(S), CDR S. J. Tassinari USNR-R, (not shown) received the un- 
divided attention of (1. to r.) CDR L. A. Baker, X. O. of NRRC 3-9, CAPT B. L. Tanner, ACOS to 
Com3 for Reserve Training, CAPT V. P. Bond, C.O. of NRRC 3-9, CAPT B. B. Osthues, CNRG 
3-19(M), and CAPT R. Zenneck, C.O. of NROS 3-6. 


NRRC 9-6 Wins National Competition 


This year’s winner of the Research Reserve Award for General Ex- 
cellence—was the Naval Reserve Research Company 9-6, Minneapolis, 
Minnesota. 

Nominations for the award, which is given to the most outstanding 
Research Reserve company, were submitted by Commandants of the 
Naval Districts. LCDR Theodore E. Molitor, USNR, was in command 
of NRRC 9-6 during Fiscal Year 1968. Presentation of the award is 
planned for early 1969. 

Among the accomplishments of the 21-member Research Reserve 
company for Fiscal Year 1969 were the following: 


Inspection Grade 3.83 
Ready Reserve Status 100% 
Drill Attendance 92% 
ACDUTRA Participation 81% 
Correspondence Course Completion 23.8 
Training Grade 3.68 
Membership, Net Increase +2 


Also the unit planned and conducted the First Upper Midwest Re- 
search Reserve Seminar which was held 10 June to 21 June 1968. 

After panel reviewed the records, inspection marks, and other 
award criteria it recommends the winning company. The panel was 
composed of the following officers: CAPT N. Mikhalevsky, USN, 
Director, Naval Applications and Analysis Division, Office of Naval 
Research; CAPT R. J. Stankowski, USNR, Director, Naval Reserve 
Programs Division, Bureau of Naval Personnel; CAPT W. B. Thomp- 
son, USNR, Head, Logistics Support Branch (Naval Reserve), Bureau 
of Naval Personnel. 
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NRRC 5-10, Bethesda; Maryland Wins Award 


The Commandant’s award was presented to Naval Research Reserve 
Company 5-10 for the outstanding non-pay reserve company in fiscal 
1968 in the Fifth Naval District. Rear Admiral A. Atley Peterson, 
representing the Commandant of the Fifth Naval District, presented 
the award to Lieutenant Commander Alexander Barton, the former 
C.O. of 5-10. Commander Sherman Ross, the present C.O., and Rear 
Admiral R.O. Canada, C.O. of National Naval Medical Center, Be- 
thesda, Maryland also participated in the ceremony. 

The Naval Reserve Company which meets at the Naval Medical 
Research Institute Auditorium, Bethesda, Maryland is comprised of 
physicians, psychologists, and scientists who are in various fields of 
research. The average member in the company has 2.2 university 
degrees. 


Parasitic Insects Studied by NRRC 11-7 Tucson 


On the outskirts of Tucson, Arizona, the U.S. Dept. of Agriculture 
maintains a laboratory whose personnel concentrate on biological and 
ecological control of insects. 

Parasitic insects from three continents are reared in order to study 
the potential effect of a massive release of these insects for controlling 
some of the most destructive caterpillar species in the world. Two 
parasitic flies and one parasitic wasp have been imported from India 
and one wasp from Africa for their potential use in non-chemical 
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LT Lin (NRRC 3-1) is 
viewing stages of a para- 
sitic insect life cycle under 
the direction of CDR D. E. 
Bryan (NRRC 11-7). Other 
members of NRRC 11-7 on 
the left are LCDR R. L. Voigt 
and LCDR D. M. McEligot. 


control programs. Seven parasite species indigenous to the U.S. are 
also under consideration because of their environmental adaptation. 

In another section of the facility host material for parasite and 
predator culture is produced on diets synthesized within the laboratory. 
At peak output as many as 50,000 host insects may be reared per week. 

NRRC 11-7 recently toured the laboratory guided by Dr. D. E. Bryan 
who is responsible for the work with parasites. Dr. Bryan, a CDR, 
MSC USNR-R is a member and former CO of Arizona’s only Research 
Reserve unit. 





Geomagnetic Investigations of the Arctic Basin 


During the period 1961-1964 nearly 150,000 km of aeromagnetic tracks were flown 
in a survey of the Arctic Basin. A digital recording, proton precession magnetometer was 
designed and built for these surveys, automated data processing and display techniques 
developed and computer analysis methods devised. This was the first such automated 
system ever put into field operation and made the University of Wisconsin the first 
school with aeromagnetic capability. The system has been used in aircraft, ships, and 
vehicles and provides better that 95% reliability. It has been used by three universities 
and the U.S. Geological Survey. 

One of the more significant findings indicates that large areas of the Arctic Basin are 
so magnetically disturbed that use of existing equipment for submarine detection would be 
difficult if not impossible. Anomalies in excess of 1000 gammas were common in these 
regions and magnetic gradients as steep as 700 gammas over 200 meters observed. 
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Selected Contract Research Reports 


The contract research reports listed below have been extracted from U.S. Government Research & 
Development Report 68, No. 19 of 10 October 1968, No. 20 of 25 October 1968 and No. 21 of 10 
November 1968. Government agencies and their contractors who are registered with the Defense 
Documentation Center of the Defense Supply Agency may obtain copies from the Center at Cameron 
Station, Alexandria, Virginia 22314. Abstracts of the reports are found in USGRDR 68, Nos. 19, 20 


and 21. 


For non DDC users, most reports may be purchased from the ‘ learinghouse for Federal Scientific 
and Technical Information, Department of Commerce, Springfield, Virginia 21151. 


AERONAUTICS 

Additional Simulation Studies of Seaplane Responses 
in Regular and Random Waves; General Dynamics; 
Hopkins; AD-673 323 

Experimental Evaluation of a Formation Flight 
System; Honeywell, Inc.; Wingert and Nicholson; 
AD-673 429 

Rotor/Wing Series VI Wind Tunnel Test 7-foot 
Diameter Model in the NASA LRC 30-by-60-foot 
Wind Tunnel; Hughes Tool Co.; Briardy and 
Head; AD-673 964 


ASTRONOMY AND ASTROPHYSICS 

Structured Events in the Dynamic Spectra of 
Jupiter’s Decametric Radio Emission; Fla. U.; 
Riihimaa; AD-674 150 

Spaced-Spectrograph Observations of Jupiter's 
Decametric Emission; Fla. U.; Riihimaa; AD-674 
156 

Spectra of Jovian Millisecond Pulses; Fla. U.; 
Riihimaa; AD-674 160 

A Plasma Model of Quasars and Radio Galaxies; 
Stanford; Sturrock: AD-674 265 

Large-Scale ‘ onfiguration of the Coronal and 
Interplanetary Magnetic Field; Calif. U.; Schatten; 
AD-674 527 

Significance of the First Brightest Galaxies in Rich 
Clusters; Princeton; Peebles; AD-674 805 

Atlas of Solar Magnetic Fields. Maps of Photo- 
spheric Magnetic Fields for August 1959-June 1966; 
Carnegie Inst.; Howard et al; AD-673 678 


ATMOSPHERIC SCIENCES 

Propagation of Pcl Geomagnetic Micropulsations 
in the Magnetosphere and the Ionosphere; Newcastle 
U. (Australia); Ellyett et al; AD-673 991 

Influence of Atmospheric Stability Layers on the 
Effect of Ground-Based Cloud Seeding. Empirical 
Results; Calif. U.; Neyman et al; AD-674 232 

A Program of Ground Based Auroral Observations 
Coordinated with Simultaneous Satellite Measure- 
ments; Alaska U.; Romick and Hook; AD-672 848 

Wind Stress and Surface Roughness at Air-Sea 
Interface; Hydronautics, Inc.; Wu; AD-672 750 


BEHAVIORAL AND SOCIAL SCIENCES 

New Report; Northwestern U.; Charnes et al; 
AD-672 583 

Intertemporal Bank Asset Choice with Stochastic 
Dependence; Northwestern U.; Charnes and 
Littlechild; AD-672 581 

Trends and Developments in Visual Displays; Tufts 
U.; Crook et al; AD-673 091 

Research in Machine Translation. Observations on 
the Complementation of some -O Forms by Chto/Chtoby 
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Clauses; Wayne State U.; Steiger and Simon; 
AD-672 925 

Harvard University Computer-Aided Instruction 
(CAI) Laboratory; Harvard Computing Center; 
Stolurow and Peterson; AD-672 922 

Job Restructuring Within the Navy Hospital 
Corpsman Rating: A Feasibility Study; HRB-Singer, 
Inc.; Root et al; AD-673 086 

The Assessment of Electronics Corrective Mainten- 
ance Performance. Performance on the AN/SPS-40 
by Electronics Technicians; U. of S. Calif.; Rigney; 
AD-673 246 

Psychological Tests and Personnei Decisions; Ul. U.; 
Cronback and Gleser; AD-123 343 

A Factor Analysis of the Semantic-Evaluation 
Abilities, Studies of Aptitudes of High-Level Personnel; 
U. of S. Calif.; Nihira et al; AD-457 523 

A Factor Analysis of the Symbolic-Evaluation 
Abilities, Studies of Aptitudes of High-Level Personnel; 
U. of S. Calif.; Hoepfner; AD-464 259 

The Inventory of Cognitive Style; Akron U.; 
Washburne; AD-672 571 

Psychological Research in Adult Learning; Wash. 
U.; DuBois; AD-672 748 

Deep Inspirations as Stimuli for Responses of the 
Autonomic Nervous System; Ind. U.; Stern and 
Anschel; AD-672 851 

The “Idealized Individual” Interpretation of 
Individual Differences in Multidimensional Scaling; 
U. of S. Calif.; Cliff; AD-672 866 

The Relationship between Learning and Intelligence; 
Wash. U.; Carver and DuBois; AD-673 090 

Differentiation Among Stimuli as a Factor in 
Transfer Performance; Northwestern U.; Under- 
wood and Ekstrand; AD-673 097 

Two Tests of a Theory of Verbal-Discrimination 
Learning; Northwestern U.; Underwood and 
Freund; AD-673 099 

The Experimental Induction of Success and Failure 
in Complex Decision-Making Environments; Purdue 
U.; Higbee and Streufert; AD-673 226 

Response to Disagreement in Dyads; Delaware U.; 
Thornton; AD-673 268 

Research on Automatic Classification, Indexing 
and Extracting, Frequency: A General-Purpose 
Frequency Program; 1BM Federal Systems Div.; 
Baker and Williams, Jr.; AD-673 428 

An Algorithm for Dynamic Programming of 
Economic Growth; Calif. U.; Friedmann; AD-673 
538 

Convexity in Graphs: Mathematical Preliminaries 
to a Theory of Graph Grammars; Md. U.; Pfaltz; 
AD-673 420 

Educational Information System Requirements: 
The Next Two Decades; Oregon U.; Loughary and 
Tondow; AD-673 448 





Individual Differences in Risk Taking; Yale U.; 
Gilson; AD-673 423 

Influence of Instructional Set on Habituation of 
Onenting Responses as Measured by Galvanic Skin 
Response, Pulse Volume, and Blood Volume; Ind. U.; 
Gagnon; AD-673 430 

Research in Mathematical Behavior 
Stanford U.; Estes; AD-673 537 

Communication, Cooperation, and Negotiation in 
Culturally Heterogeneous Groups; Ul. U.; AD-673 
548 

Dispositional and Induced Information Processing 
Structures; Princeton U.; Lee, Il; AD-673 677 

Principal Components Analysis of Models and Men; 
Educational Testing Service; Wainer; AD-673 
851 

The Discrete Maximum Prinaple with Applications 
to Management Science; Carnegie-Mellon; Klein- 
dorfer et al; AD-674 392 

System Cost Analysis; Texas A & M; Wortham 
and Gibson; AD-674 429 

National Data Program for the Marine Environ- 
ment; System Development Corp.; AD-673 992 

National Data Program for the Marine Environ- 
ment. Appendices; System Development Corp.; 
AD-673 993 

Trend Analysis of China in its Relations with the 
Great Powers and Selected Medium Powers, 1922- 
1966; Stanford; North and Choucri; AD-673 977 

Chinese Communist Images of Invasion and Resis- 
tance; Mental Research Inst.; Weakland; AD- 
674 869 

Studies in the Phonology of Asian Languages. 
Acoustic Characteristics of Korean Stop Consonants; 
U. of S. Calif.; Han and Weitzman; AD-465 617 

Diver Performance Measurement: Underwater 
Navigation Depth Maintenance Weight Carrying 
Capabilities; General Dynamics Corp.; Andersen; 
AD-674 528 

The Total Physical Response Method for Second 
Language Learning; San Jose St. College; Asher; 
AD-674 868 

A Comparison of four Models for Making Predic- 
tions Across Institutions; Wash. U.; Cory; AD- 
673 967 

The Effect of High Intensity Intermittent Stimuli 
on Human Behavior and Physiology; Hofstra U.; 
Plutchik; AD-673 970 

Electrical Charge Distribution and Olfactory 
Methodology and Theory; Inst. for Research; Frey; 
AD-674 227 

The Effect of Early Cooperation on the Escalation 
of Conflict; St. U. of N.Y.; Teger; AD-674 426 

Conditions Contributing to Variability in Pulse 
Volume; Ind. U.; Gagnon; AD-674 448 

Vocal Behavior as an Information Channel of 
Speaker Status; Calif. U.; Starkweather; AD- 
674 465 


Theory; 


BIOLOGICAL AND MEDICAL SCIENCES 

Analysis of Polyamines by Thin-Layer Chromatog- 
raphy; New Hampshire U.; Hammond and 
Herbst; AD-674 832 

Polyamine-Inorganic Cation Interaction with 
Ribosomes of Escherichia Col; N. H. U.; Norton 
et al; AD-674 833 

Computer Methods for the Study of Psychiatric 
Interviews; Calif. U.; Starkweather; AD-674 438 


The Effect of Polyamines on the Enzymatic Degrada- 
tion of Ribosomes; N.H.U.; Erdmann et al; AD- 
674 834 

International Congress on Hemorhelogy (1st), 
University of Iceland, Reykjavik, 10-16 July, 1966; 
N.Y. Medical Coll.; AD-674 260 

Animals for Research: a Directory of Sources of 
Laboratory Animals, Fluids, Tissues, Organs, Equip- 
ment and Materials: NAS-NRC; AD-674 332 

UHF Acoustic Attenuation and Research in 
Biological Acoustics; I. U.; Dunn; AD-674 519 

Electromagnetic Emission at Micron Wavelengths 
from Active Nerves; Inst. for Research; Fraser and 
Frey; AD-674 434 

Annual Navy-Wide Workshop in the Biological 
Sciences (3rd), Held at U.S. Naval Radiological 
Defense Laboratory, San Francisco, California, 11-15 
October 1965; ONR; AD-672 577 

Eliminative Degradation of Alginic Acid by Micro- 
organisms; Ga. U.; Lynn et al; AD-672 675 

Bacteriology of Manganese Nodules. Reduction 
of Mn02 by two Strains of Nodule Bacteria; Re- 
nsselaer Polytechnic Inst. of Troy; Trimble and 
Ehrlich; AD-672 865 

Progress in Brain Research. Brain Barrier Systems; 
St. U. of N.Y.; Ford and Lajtha; AD-672 823 

Markomolekulare Datenverarbeitung im Zentral- 
nervensystem (Macromolecular Characteristics in 
the Central Nervous System; M.1.T.; Schmitt; 
AD-672 859 

Molecular Biology Among the 
M.1.T.; Schmitt; AD-672 861 

Optimization Study of an Electrical Method for 
the Rapid Thawing of Frozen Blood; Pa. U.; Merjan- 
ian; AD-673 076 

An On-Line Multiprocessing Interactive Computer 
System for Neurophysiological Investigations; Calif. 
U.; Abraham et al; AD-673 095 

Proposed Damage-Risk Criterion for Impulse Noise 
(Gunfire); NAS-NRC; Ward; AD-673 223 

On the Origin of Pristane in Marine Organisms; 
Woods Hole; Avigan and Blumer; AD-673 589 

A Genetic and Biochemical Study of Dental Caries 
Resistance; Ind. U.; Bixler and Merritt; AD- 
673 535 

The Effect of Magnification on Visual Tasks 
Visual Form Comparison; Tufts U.; Crook et al; 
AD-673 315 

The Effect of Magnification on Visual Tasks. 
Perceptual Integration; Tufts U.; Crook et al; 
AD-673 316 

Current Developments in Optics and Vision; Armed 
Forces-NRC Committee on Vision; Benson and 
Whitcomb; AD-673 425 


Neurosciences; 


CHEMISTRY 

Synthesis of Novel Substituted (3)-1, 7-Dicar- 
baundecaborate (12) lons From 1, 8-Dicarbaclo- 
soundecaborane (11) and Carbanions; Calif. U.; 
Hawthorne and Owen; AD-673 549 

Rare Earth Abundance in M 
M.1.T.; Ehrlich; AD-673 427 

The Thermal Decomposition of Ammonium Perchlor- 
ate: A Literature Review; Miami U.; Keenan and 
Siegmund; AD-673 542 

Formation of Electronically Excited Species in 
N-atom/O-atom Recombination Reactions Catalyzed 


Nodules; 
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by Carbon Compounds: NO (A (2) Sigma, B (2) Pi) 
and O ((1) S) (1); Purdue U.; Fontion and Ellison; 
AD-673 544 

Exchange Effects in the Rotational Excitation of 
Molecular Hydrogen by Slow Electrons; Queen's 
U. (N. Ireland); Ardiil and Davison; AD-673 571 


Energy Change Collisions Between lon Pairs and 
Third Bodies; Queen's U.; Flannery; AD-673 572 

The 2p (2) (1)D Resonance in Helium; Queen's 
U.; Perrott and Steward; AD-673 573 

Transport Processes in and the Structure of Aqueous 
Electrolytic Solutions; Little (Arthur D), Inc.; 
Horne; AD-674 407 

Dissociative Attachment in CO and NO; Westing- 
house Research Labs; Chantry; AD-674 440 

The Dissociation of Lithium and Sodium Tetrame- 
thylaluminate in Solution; Ill. U.; Gore and Gut- 
owsky; AD-674 521 

Molybdenum (II) Cluster Compounds Involving 
Alkoxy Groups; Pennsalt Chemicals Corp.; Nan- 
nelli and Block; AD-672 562 

Raman Spectra of XeFe2, IrF5 and XeF2, IF5; 
Mich. St. U.; Miller et al; AD-672 585 

1-Trimethylamino-1-Beryl-2, Dodecaborane (12). 
An Analog of the B11CH12(-) Ion; Calif. U.; Popp 
and Hawthorne; AD-672 831 

Novel Structures as Precursors for Organic lons 
of Unusual Stability; Oregon U.; Boekelheide; 
AD-672 931 

The Use of the Coordination Number in the Inter- 
pretation of Fluid Structure; CalTech; Mikolaj 
and Pings; AD-672 607 

Radiative and Radiationless Processes in Aromatic 
Molecules: Coronene and Benzoronene; TRW 
Systems; Dawson and Kropp; AD-672 665 

NMR Study of BaFPO3: 31P and 19F Chemical- 
Shift Anisotropies and the Absolute Sign of the F-P 
Coupling Constant; Ill. U.; VanderHart et al; 
AD-672 807 

Surface States and Field lon Image Formation; 
Pa. St. U.; Tsong; AD-673 070 

On the Mechanism of Field Evaporation; Pa. St. 
U.; Tsong; AD-673 071 

Rotational and Vibrational Excitation of Molecules 
by Low-Energy Electrons; Westinghouse Research 
Labs; Phelps; AD-673 088 

The Study of the Kinetics of Electrode Processes; 
Case-Western Reserve U.; Yeager; AD-673 096 

Computer Program for Acoustic Pulse-Echo Data 
Reduction; R.1.U.; Kemp et al; AD-673 269 

Fluorescence Lifetimes of Aromatic Hydrocarbons 
Under Pressure; Calif. U.; Offen and Phillips; 
AD-672 830 

Fluorescence and Phosphorescence of Aromatic 
Hydrocarbons in Poly (Methylmethacrylate) as a 
Function of Temperature; TRW System; Kropp and 
Dawson; AD-672 849 

Studies of Radiationless Transitions in Coronene 
Using Nanosecond Laser Photolysis and Spectroscopy; 
TRW Systems; Windsor and Novak; AD-672 997 


How Efficient is Diffusion-Controlled Triplet Energy 
Transfer; Mich. St. U.; Wagner and Kochevar; 
AD-673 074 

The Inefficiency of Triplet Energy Transfer From 
Ketones to Trivalent Rare Earth Ions; Mich. St. U.; 
Wagner and Schott; AD-673 075 


EARTH SCIENCES AND OCEANOGRAPHY 

A Comparison of Microdensitometry and TV Wave- 
form Analysis as Expressions of Observed Landscape 
Patterns on Radar; Fla. Atlantic U.; Nunnally; AD- 
672 561 

An Experimental Study of Wind-Wave Interactions; 
Johns Hopkins U.; Hires; AD-672 797 

On the Interaction of Gravitational and Dynamic 
Forcing in Simple Circulation Models; WHOI,; 
Stommel and Rooth; AD-673 040 

Measurement of Volume Transport of the Gulf 
Stream South of New England; WHOI; Warren and 
Volkman; AD-673 041 

Computer Simulation of Shallow-Waier Marine 
Sedimentation; Stanford; Harbaugh and Bonham- 
Carter; AD-672 590 

Paleogene Sediment From a Fracture Zone of the 
Mid-Atlantic Ridge; WHOL; Cifelli et al; AD-673 
039 

Relationship between Coastal Landforms and Size 
Distribution of Surficial Sediments, Horry and Marion 
Counties, South Carolina; La. St. U.; Adams and 
Thom; AD-673 045 

Mud-Center, Tundra Lakes; Wisconsin U.; 
Bryson and Ragotzkie; AD-673 103 

A Short Numerical Method of Calculating Heat 
Content of Lakes; Wisconisn U.; Schlesinger; 
AD-673 213 

Data from Deep-Moored Instrument Stations; 
Scripps; Evans et al; AD-673 00u 

Soils of Price Patrick Island; Arctic Inst. of 
North America; Tedrow et al; AD-673 012 

Asymmetry in Geomagnetic Response to the Polarity 
of the Interplanetary Magnetic Field; Calit. U.; 
Wilcox; AD-673 256 

Geography and the Properties of Surfaces. Hier- 
archial Systems: Cities, Rivers, Alpine Glaciers, 
Bovine Livers, and Trees; Harvard U.; Wolderberg; 
AD-673 441 

Sea Bottom Instrumentation Investigation; Chal- 
lenger Research Inc.; Hayen and Cohen; AD- 
673 314 

Research Activities; Oregon St. U.; 
AD-673 415 

Euphausiaces of the Arctic Ocean and its Peripheral 
Seas; U. of S. Calif.; Geiger et al; AD-674 016 

A Plankton Survey of the Chesapeake Bay using a 
Continuous Underway Sampling System; Johns 
Hopkins U.; Whaley and Taylor; AD-674 401 

Leasi-Squares Surface Fitting with Discontinuous 
Functions; Northwestern U.; James; AD-674 867 

Calculation of a Solitary Wave Shoaling on a 
Shallow Slope; Urs Corp.; Kriebel and Schwitters; 
AD-674 856 

Geography and the Properties of Surfaces. A Study 
of Rivers and Other Branching Systems; Harvard U.; 
Howie; AD-673 955 

Geography and theProperties of Surfaces. Geography 
and an Existence Theorem; Harvard U.; Selkowitz; 
AD-673 957 

Geography and the Properties of Surfaces. A 
Mathematical Respresentation of the Altitude Re- 
lationships on the Surface of the Earth, Using Spherical 
Functions to the 16th Order; Harvard; Prey; AD- 
673 958 

Paleomagnetic Stratigraphy and Micropaleontology 
of Three Deep Sea Cores from the Central North 
Altantic Ocean; WHOL; Phillips et al; AD-674 207 


Merten; 
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Ocean Data Station Sensor System Description 
Exploratory Deployment Configurations; General 
Dynamics/Convair; Berquist; AD-674 410 

Development cf an Ocean Data Station Tele- 
meteri Buoy; General Dynamics/Convair; 
AD-674 411 

Muller Scattering Matrix of sea Water; Oregon 
St. U.; Beardsley; AD-674 44° 

Alkalinity and pH off the Coast of Oregon; Oregon 
St. U.; Park; AD-674 446 

Carbon Dioxide in the Seawater Under the Arctic 
Ice; Wash. U.; Kelley AD-674 460 

Seismic Profiling in the North Sea Basin; Utrecht 
Rijksuniversiteit (Netherlands); Lagaay et al; 
AD-674 230 

A Continuous Reflection Profile Along the Nether- 
lands Coast from Walcheren to Den Helder; Utrecht 
Rijksuniversiteit (Netherlands); Collette and 
Lagaay; AD-674 231 

Pedogenic Gradients of the Polar Regions; Arctic 
Inst. of North America; Tedrow; AD-674 177 


ELECTRONICS AND ELECTRICAL 
ENGINEERING 

A New Display Terminal; M.1.T.; Stotz; AD- 
674 203 

A Comparison of Three Schemes for Filtering 
Signals which have Propagated Through a Random 
Multipath Medium; Western Electric Co.; Man- 
gano; AD-674 525 

Realization of a Class of Switching Functions by 
Threshold-Logic Networks; Northwestern U.; Yau 
and Ostapko; AD-674 546 

Acoustic Interaction for Arrays of Small Magneto- 
strictive-Stack Sonar Transducers at an Air-Water 
Surface; Ohio U.; Stumpf et al; AD-672 926 

Arman: A Computer Program for Generating 
Inherent Corrective Maintenance Workload Times. 
Dexcription, Evaluation, and Application; U. of S. 
Calif.; Rigney; AD-482 160 

Use of Iverson’s Language APL for Statistical 
Computing; Yale U.; Anscombe; AD-672 557 

A Combinational Arithmetic Function Generation 
System; Calif. U.; Tung; AD-672 586 

Procedures and Standards for Intercomputer 
Communications; M.1.T.; Bhushan and Stotz, 
AD-672 676 

An Adaptation of the Fast Fourier Transform for 
Parallel Processing; Stanford; Pease; AD-672 677 

Picture Processing by Computer; Md. U.; Rosen- 
feld; AD-672 775 

Evaluation of Computer Programs for System 
Performance Effectiveness. Search Results and 
Modeling Techniques; Research Triangle Inst.; 
Nelson, Jr. et al; AD-829 353 

Cellular Realization of the Dynamic Programming 
Algorithm; Montana St. U.; Minnick and Rud- 
berg; AD-672 570 

A Statistical Theory of Reverberation and Similar 
First-Order Scattered Fields. Waveform and the 
General Process. Moments, Spectra and Special 
Distributions; Middleton; Middleton; AD-672 666 

The Theory of Signal Detectability: Extension to 
the Double Composite Hypothesis Situation; Mich. U.; 
Spooner; AD-672 920 

The use of Consolidated Exp in Solving for 
the Statistical Properties of a Nonlinear Oscillator: 
Johns Hopkins U.; Morton; AD-673 235 





Carps, a Program Which Solves Calculus Word 
Problems; M.1.T.; Charniak; AD-673 670 

Digital Computer Routines for Power Spectral 
Analysis; AC Electronics-Defense Research Labs.; 
Brumbach; AD-673 859 

Computer Calculation of Discrete Fourier Trans- 
forms Using the Fast Fourier Transform; Center for 
Naval Analyses; Wilson; AD-673 442 


MATERIALS 

Structural Characterization of Thin Aluminum 
Oxide-H ydroxide Layers by the Aluminum and Oxygen 
X-ray Emission Bands; Pa. State U.; Savanick et al; 
AD-673 299 

Local Heating by Plastic Deformation at a Crack 
Tip; Brown U.; Levy and Rice; AD-673 300 

Comprehensive Survey of Oxygen X-ray Emission 
Band Shifts; Pa. State U.; Krause and White; 
AD-673 321 

Metastable Immiscibility in the B203-Si02 System; 
General Electric Co.; Charles and Wagstaff; 
AD-674 432 

Tonic Diffusion Under High Pressure in Porous 
Solid Materials Permeated with Aqueous. Electrolytic 
Solutions; Little, Inc.; Horne et al; AD-674 116 

Relationships Between Fiver Characteristics and 
Pulp-Sheet Properties of Philippine Hardwoods; 
Yale U.; Artuz-Siegel et al; AD-674 838 

On Flud Inertial Effects in Infinitely Wide Foil 
Bearings; Ampex Corp.; Eshel; AD-672 792 

On the Temperature Dependence of the Heat of 
Formation of the Compound AgMg; M.1.T.; Jena 
and Bever; AD-673 044 

Morphology and Growth of Extended Chain Crystals 
of Polyethylene; Rensselaer Polytechnic Inst.; 
Wunderlich and Melillo; AD-672 839 

Rheo-Optics of High Speed Deformation. Poly- 
ethylene and Polybutene-1; Mass. U.; Erhardt and 
Stein; AD-672 902 


MATHEMATICAL SCIENCES 

Conditionally Stable Invariant Manifolds of 
Systems of Differential Equations With or Without 
Delay; Calif. U.; Samn; AD-672 573 

On the Intersections of Cones and Subspaces; 
Northwestern; Ben-Israel and Charnes; AD- 
672 667 

On Bahadur’s Representation of Sample Quantiles; 
Cornell; Kiefer; AD-673 065 

On a Necessary and Sufficient Condition for 
Admissibility of Estimators When Strictly Convex 
Loss is Used; Cornell; Farrell; AD-673 066 

Towards a Theory of Generalized Bayes Tests; 
Cornell; Farrell; AD-673 067 

Inadmissibility of the Usual Estimators of Scale 
Parameters in Problems with Unknown Location and 
Scale Parameters; Cornell; Brown; AD-673 068 

Independence and Statistical Reduction for In- 
variant Models; Wisconsin U.; Bondar; AD- 
673 237 

On Explicit Solutions of Interval Linear Programs; 
Northwestern; Zlobec and Ben-Israel; AD- 
672 584 

Convergence Conditions for 


Non-Linear , Pro- 
gramming Algorithms; Calif. U.; Zangwell; AD- 
672 928 

A Numerical Investigation of the Simplex Method; 
Stanford; Bartels; AD-673 010 
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Connection Theorems in Non-Convex Programming; 
Northwestern; Bankoff; AD-673 052 

Mathematical Systems Theory: Causality; Case 
Inst.; Windeknecht; AD-673 087 

Discrete Dynamic Programming with a Small 
Interest Rate; Stanford; Miller and Veinott, Jr.; 
AD-673 225 

Constrained Maximum Likelihood Estimation of N 
Stochastically Ordered Distributions; Calif. U.; 
Geoffrion; AD-673 232 

A Research Methodology for Studying Complex 
Service Systems; Calif. U.; Nelson; AD-673 233 

Integrated Risk of Asymptotically Bayes Sequential 
Tests; Cornell U.; Lorden; AD-673 319 

An Elementary Proof of Asymptotic Normality of 
Linear Functions of Order Statistics; Cornell; Moore; 
AD-673 322 

Weak Limits of Sequences of Bayes Procedures in 
Extimation Theory; Cornell; Farrell; AD-673 324 

The Analyticity of Solutions of Singular Integral 
Equations; Minn. U.; Kahane; AD-673 550 

Three-Stage V ariable-Shift Iteration for Polynomial 
Zeros and Its Relation to Generalized Rayleigh 
Iteration; Stanford U.; Jerkins and Traub; AD- 
673 673 

Epsilon-Calculus; 
673 674 

Remarks on the Problem of “Homogenization of 
Bernoulli Trials”; Stanford; Sclove; AD-673 676 

Saddle Point Theorems and the Discrete Maximum 
Principle; Carnegie-Mellon U.; Kleindorfer et al; 
AD-673 404 

Faces of an Integer Polyhedron for Cyclic Groups; 
Carnegie-Mellon; Glover; AD-673 405 

Multi Product Plant Location Under Economics of 
Scale in Production and Transportation; Carnegie- 
Mellon; Rutenberg; AD-673 509 

Decision Network Planning Models; Carnegie- 
Mellon; Crowston; AD-673 528 

Further Relations Between Game Theory and 
Eigensystems; Carnegie-Mellon; Thompson and 
Weil, Jr.; AD-673 663 

An Experimental Study on Solving Linear Pro- 
grams; Calif. U.; Ravindran; AD-673 671 

Estimating the Parameters of a Linear Function of 
a Random Variable; Stanford; Sclove and Van 
Ryzin; AD-673 973 

On the Intersections of Cones and Subspaces; 
Northwestern U.; Ben-Israel and Charnes; AD- 
674 093 

Inference from a Knockout Tournament; Prince- 
ton; Hartigan; AD-674 209 

The Likelihood and Invariance Principles; Prince- 
ton; Hartigan; AD-674 210 

Classification of Experimental Designs Relative to 
Polynomial Spline Regression Functions; Purdue; 
VanArman; AD-674 523 

Decision Theoretic Approach to some Multivariate 
Problems; Purdue; Rubin; AD-674 524 

Discrete Dynamic Programming with Sensitive 
Discount Optimality Criteria; Stanford; Veinott, Jr.; 
AD-673 965 

On some Nonstandard Semi-infinite Programming 
Problems; Carnegie-Mellon; Charnes et al; AD- 
673 968 

Diffusion Approximations in Collective Risk Theory; 
Stanford U.; Iglehart; AD-673 972 


Stanford; Richman; AD- 
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MECHANICAL, INDUSTRIAL, CIVIL, 
AND MARINE ENGINEERING 
Project Seaspider: The Design, Assembly, Construc- 
tion. and Sea Trials of a Tri-moored Buoyant Structure 
with Neutrally Buoyant Legs to Provide a Near- 
motionless Instrument Base for Oceanographic Re- 
search; WHOI; Savage and Hersey; AD-673 956 
Surface Coring for Shear Strength Measurements; 
Ill. U.; Richards and Parker; AD-673 043 
Measurement of Atmospheric Aerosols and Infrared 
Radiation over Northwest India and Their Relation- 
ship; Wisconsin U.; Peterson; AD-673 212 
Effect of Bilge Keels and a Bulbous Bow on Bilge 
Vortices; lowa U.; Tatinelaux; AD-672 564 
An Experimental Study of Shear-Stress Variation 
on a Series-60 Ship Model; lowa U.; Tzou; AD-672 
565 
Diffraction of a Plane Acoustic Pulse by a Free 
Orthogonal Trihedron (3-D Corner); St. U. of N.Y.; 
Shaw and Courtine; AD-673 002 
On Amal Extension and Torsion of Heli 
Shells; M.1.T.; Reissner and Wan; AD-672 
On Small Strain, Large Deformation Sheii i nevry; 
M.I1.T.; Reissner; AD-672 650 
A Class of Unsymmetric Stress Distributions in 
Helicoidal Shells; M.1.T.; Wan; AD-672 654 
On Stress Strain Relations and Strain Displacement 
Relations of the Linear Theory of Shells; M.1.T.; 
Reissner and Wan; AD-672 655 
Determination of the Constitutive Coefficients for a 
Mixture of two Solids; Calif. U.; Steel; AD-672 917 
Probabilistic Instability and Response of Surface 
Ships; Notre Dame U.; Strandhagen; AD-673 320 
Long-Term Predictions of the Seakeeping Perfor- 
mance of Destroyer-Type Ships in the North Atlantic; 
Webb Inst.; Hamlin and Snyder, I11; AD-673 539 
Experimental Evidence on the Modes and Probable 
Causes of a Deep-sea Buoy Mooring Line Failure; 
WHOI; Berteaux et al; AD-673 590 


vidal 


METHODS AND EQUIPMENT 

An Electronic Direction Indicator for Deep-sea 
Photography; Texas A & M; Pequegnat and 
Pittman; AD-673 669 

A Vertical Wind Tunnel for Small Droplet Studies; 
Nevada Bureau of Mines; Hoffer and Mallen; 
AD-674 202 


MILITARY SCIENCES 

A Convex Programming Approach to the Multiple 
Constraint Inventory Problem; Texas A & M; 
Lamberson; AD-673 422 


MISSILE TECHNOLOGY 

Pitot-Pressure Measurements with Rapidly Tra- 
versing Probes in the Wake of a Sphere in a Diverging 
Hypervelocity Stream; Stanford; Tsao; AD-672 589 


NAVIGATION, DETECTION, COMMUNICA- 
TION AND COUNTERMEASURES 

The Low Frequency Cutoff of ELF Emissions; 
Iowa U.; Gurnett and Burns; AD-673 325 

Twenty-Channel Vertical Listening Arrays. Elec- 
trical Features. Mechanical Features; Columbia U.; 
Lopatin and O'Neill; AD-674 118 

Intersymbol Interference in Binary Communication 
Systems; Mich. U.; Kimball; AD-674 423 





A Vacuum Spark Light Source for the Extreme 
Ultraviolet Region; U. of S. Calif.; Wainfan and 
Rudisill; AD-674 437 

Design Data of Gas-Lubricated Spin Axis Bearings 
for Gyroscopes; Mechanical Technology, Inc.; 
Vohr and Pan; AD-673 988 

An Error Analysis Technique for Inertial Naviga- 
tion Systems and Kalman Filters; Mass. U.; Hutchin- 
son and Wondergem; AD-674 526 


NUCLEAR SCIENCES AND TECHNOLOGY 
Wave Runup, Mono Lake Tests, 1965: A Summary 
of Theoretical Prediction Methods and some Compari- 
sons with Experimental data; Urs Corp.; Bertram 
and Kriebel; AD-674 858 
Intense Explosions at the Ocean Surface; Calif. U.; 
Collins and Holt; AD-673 048 


PHYSICS 

Numerical Evaluation of the Series Expansion 
Method for the Prediction of the far Field Intensity 
from Near Field Cross-Power Measurements; Parke 
Mathematical Labs., Inc.; Butler and Moran; 
AD-672 774 

Focusing of Sound and Explosive Pulses in the 
Ocean; Cambridge Acoustical Associates, Inc.; 
Silbiger; AD-672 914 

Ray Representation of Diffraction Effects in the 
Split-Beam Sound Field; Woods Hole; Murphy; 
AD-672 934 

Kerr Magneto-Optic Studies of the Domain Patterns 
in Nickel Iron Tapes; Purdue U.; Friedlaender 
et al; AD-672 556 

On the Foundations of Electrodynamics; M.1.T.; 
Tisza; AD-672 793 

The Antiferromagnetism 
Carnegie-Mellon U.; 
AD-672 810 

Application of Statistical Moments in the Reduction 
of Supersonic-Molecular-Beam Data; Calif. U.; 
Amend; AD-672 560 

On a General Similarity Analysis for Turbulent 
Jet and Wake Flows; lowa U.; Naudascher; AD- 
672 574 

Elastic Recovery and the Toms Effects—A Simple 
Model; Ill. Tech.; Tlapa and Berstein; AD-673 
009 

The Inviscid Chemical Nonequilibrium F low Behind 
a Moving Normal Shock Wave; Polytechnic Inst. 
of Brooklyn; Palumbo and Rubin; AD-673 214 

Some Measurements of the Dispersion of Spheres in 
a Turbulent Flow; Johns Hopkins U.; Kennedy; 
AD-673 236 

Uniform Asymptotic Theory of Diffraction at an 
Interface; N.Y.U.; Rulf; AD-672 867 

The Relationship between Morphology and Light 
Scattering Patterns for Polytetrafluoroethylene; Mass. 
U.; Rhodes and Stein; AD-672 901 

Asymptotic Theory of Cerenkov Radiation in 
Inhomogeneous Media; N.Y.U.; Handelsman and 
Lewis; AD-672 868 

An Experimental Study of the 2 Neutral-pion Decay 
of the Long-Lived Neutral K-meson; Princeton; 
Wheeler; AD-672 919 

Nonrelativistic Nuclear Reaction Kinematic 
Crossover Angles; Ill. U.; Warshaw; AD-672 932 

Walks on a Random Binary Velocity Field; Johns 
Hopkins U.; Patterson, Jr.; AD-673 234 


of CsMnC142H20; 
Smith and Friedberg; 


Pauli Algebra and the Restricted Lorentz Group; 
M.1.T.; Tisza and Whitney; AD-672 821 

Some Theorems in Classical Elastodynamics; 
CalTech; Wheeler and Sternberg; AD-672 566 

Improved Free Edge Conditions for the Differential 
Equation of a Flat Plate Subjected to Antisymmetrical, 
Space-Variable Normal Loading on its Faces; Co- 
lumbia U.; Elrod and Sood; AD-672 572 

Membrane and Bending Stresses in Shallow 
Spherical Shells; M.1.T.; Wan; AD-672 640 

Large Deformation Solutions for an Elastic Cosserat 
Surface; Calif. U.; Naghdi and Crochet; AD- 
672 918 

Magnetic Resonance Lineshapes of Pr (3+) in 
Double Nitrate Crystals; Kansas U.; Culvahouse 
et al; AD-672 673 

Thermal Conductivity and Electrical Resistivity 
Measurements of EwO Across the Curie Temperature 
in a Magnetic Field; S. Dakota School of Mines; 
Konantz; AD-672 773 

Pressure Dependence of the Elastic Constants of 
Single Crystals; Case-Western Reserve U.; Smith; 
AD-673 265 

On Fluids of Particles with Short Range Repulsion 
and Weak Long Kange Attractive Interaction; North- 
western U.; Jalickee et al; AD-672 845 

Temperature and Thermal Stress Problems of Thin- 
Walled Spheres and Cones with Aerodynamic Heating; 
Polytechnic Inst. of Brooklyn; Chu et al; AD- 
673 005 

A Note on Mixtures; 
Naghdi; AD-673 007 

Wave Front Stress Relaxation in a one Dimensional 
Nonlinear Inelastic Material with Temperature and 
Position Dependent Properties; St. U. of N.Y.; 
Shaw and Cozzarelli; AD-673 003 

The Role of Receiver Memory on the Detection of 
Transient Signals; Duke U.; Baxa, Jr.; AD-673 837 

On the Detection of a Known Signal in Sea Noise; 
Duke U.; Hatsell; AD-673 838 

A Critical Examination of Discrete Lattice and 
Dispersed Barrier Hardening; North American 
Rockwell Corp.; Sommer and Ono; AD-673 545 

Computer Experiments on Random Walks Both 
Eulerian and Lagrangian Statistics; Johns Hopkins 
U.; Patterson, Jr. and Corrsin; AD-673 313 

On Slow Transverse Flow Past Obstacles in a 
Rapidly Rotating Fluid; WHOI; Hide et al; AD- 
673 591 

Further Generalization of Onsager’s Cascade Model 
for Turbulent Spectra; Johns Hopkins U.; Corrsin; 
AD-673 735 

The Isotropic Turbulent Mixer: Arbitrary Schmidt 
Number; Johns Hopkins U.; Corrsin; AD-673 739 

The Effect of Charge Transport on the Disintegra- 
tion of Liquid Jets; Rocketdyne; Huebner; AD-673 
860 


Calif. U.; Green and 


Idium Arsenide-Phosphide Injection Lasers; Bell 


and Howell Research Labs; 
AD-673 318 

Research Investigation of Laser Line Profiles 
(Picosecond Laser Pulses); United Aircraft Corp.; 
DeMaria et al; AD-673 858 

Thomas-Fermi Theory of Nuclei; Cornell U.; 
Bethe; AD-673 556 

Relations Among the Superconvergence Conditions 
for Forward Elastic Scattering. Linear Relations 


Wilardson et al; 
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Among the Crosses-Channel Helicity Amplitudes; 
Cornell; Lin; AD-673 557 

Low-Energy Electron Spectrum From the Decay of 
Unpolarized Muons; Cornell; Grotch; AD-673 558 

Current Algebras and Pole Dominance: a Con- 
sistent Treatment of the (A rho pi) Meson System; 
Cornell; Brown and West; AD-673 559 

Detail in the Tunneling Characteristics of Super- 
conducting Niobium Single Crystals; M.1.T.; Mac- 
Vicar and Rose; AD-673 290 

Anistropic Energy-Gap Measurements on Super- 
conducting Niobium Single Crystals by Tunneling; 
M.I.T.; MacVicar and Rose; AD-673 293 

A Ray Theory for Wave Propagation in a Non- 
Uniform Medium; Johns Hopkins U.; Katz; AD- 
673 740 

The Measurement of Acoustical Pressure by Optical 
Techniques; Mich. St. U.; Cook et al; AD-674 167 

Possibility of Radiation-Induced Sound Amplifica- 
tion in a Gas; M.1.T.; Schulz; AD-674 215 

Precision Sound Velocity Profiles in the Ocean. 
Canary Islands - Gibraltar - Bay of Biscay; Sound 
Speed, Temperature, etc. June-July 1965; 
Lamont; Piip; AD-674 427 

Ray Transmissions in an Underwater Acoustic 
Duct with a Pseudorandom Bottom; Rensselaer 
Polytechnic Inst.; Seifer and Jacobson; AD- 
674 433 

Diffusion of Lattice Defects in a Stress Field; Ul. 
U.; Koehler; AD-674 522 

On the Capacity of the Circular Disc Condenser at 
Small Separation; Stanford; Leppington and 
Levine; AD-674 518 

Multi-Magnon Absorption in MnF2.1. The far 
Infrared Spectrum; Mcgill U. (Canada); Shapiro 
and Stevenson; AD-674 865 

Multi-Magnon Absorption in MnF2-Optical 
Absorption Spectrum; Mcgill U.; Stevenson and 
Shapiro; AD-674 866 

Near Wake of a Slender Cone at Large Angle of 
Attack; Polytechnic inst. of Brooklyn; Schmidt 
and Cresci; AD-673 953 

On Internal Gravity Waves Generated by Submerged 
Disturbances; Hydronautics, Inc.; Wong; AD- 
674 372 

The Flow between two Plates of a Fluid Containing 
Rigid Structures; N.Y. U.; Kirwan, Jr. and New- 
man; AD-674 435 

Numerical Solution of the Incompressible and 
Compressible Laminar Boundary Layer Equations 
with Assigned Constant wall Shear Stress; N.Y.U.; 
Zakkay and Alzner; AD-674 532 

Study of Spectra of Metal-Oxidant Combinations; 
Denver Research Inst.; Blunt; AD-673 976 


A High Energy, Small Phase-Space Volume Muon 
Beam; Stanford; Lakin et al; AD-673 961 

Inelastic Electron Scattering Studies from Ca40 
and Ca48; Stanford; Zimmerman et al; AD-673 
962 

Electron Spin Polarization by low Energy Scattering; 
Stanford; Kessler; AD-673 963 

Studies of the Energy Dependence of p-016 Inter- 
actions between 20 and 50 MeV. Measurements of 
the Differential Cross Sections of Protons Elastically 
Scattered by 016 at 23.4, 24.5, 27.3, 30.1, 34.1, 36.8, 
39.7, 43.1, and 46.1 MeV; Calif. U.; Cameron 
et al; AD-674 451 

Suhl-Nakamura Interaction and Inhomogeneous 
Broadening; Calif. U.; Pincus et al; AD-674 837 

Basic Plasma Processes; Westinghouse Research 
Labs; Phelps and Chen; AD-674 120 

Jon Density and Electric-Field Perturbations Caused 
by an Acoustic-Wave Pulse in a Weakly lonized Gas; 
M.1.T.; Ingard and Schulz; AD-674 214 

Controlled and Conditioned Invariant Subspaces 
in Linear System Theory; Calif. U.; Basile and 
Marro; AD-673 959 

Liquid Metals, Radiation Effects in lonic Crystals, 
and Yielding Studied by Ultrasonics; Yale U.; 
Gordon; AD-673 969 

The Lateral Buckling of a Straight or Curved Beam 
Subjected to Pure Bending; Calif. U.; Vanslager; 
AD-673 974 

A Numerical Computation of Thermal and Residual 
Stresses in a Disk in the Elastic-Plastic Mode Result- 
ing from a weld Deposited in a Centrally Located 
Hole, and Correlation with Experimental Results. 
Thin Disk Analysis. Thick Disk Analysis; Vermont 
U.; Duchacek et al; AD-674 117 

Experimental Stress Analysis Activities in Selected 
European Laboratories; Catholic U.; Durelli; 
AD-674 424 

Study of Optical Interactions in Solids; Calif. U.; 
Braunstein et al; AD-673 983 

Anomalous Behavior of the Elastic Constants of 
Gadolinium; Calif. U.; Long, Jr.; AD-674 520 


PROPULSION AND FUELS 

Some Experimental Techniques Used in Carbon 
Reaction Studies; Pa. St. U.; Essenhigh et al; AD- 
674 425 

Study of the Reaction of Magnesium Vapor and 
Oxygen at the Surface of MgO Deposits by Atomic- 
Absorption Spectrophotometry; Purdue; Markstein; 
AD-672 575 

Hypersonic Blunt Body Flow of Hydrogen-Oxygen 
Mixtures; Purdue U.; Galloway and Sichel; AD- 
673 543 





1969 International Conference on Photoconductivity to be held in the Department 
of Materials Science, Stanford University, Stanford, California, August 12-15, 1969. 
Additional information may be obtained from Prof. R. H. Bube, Local Arrangements 
Chairman, Department of Materials Science, Stanford University, Stanford, California 
94305. Phone: Area Code 415-321-2300. Co-sponsored by the Office of Naval Research’s 
Physic Branch and the Department of Materials Science, Stanford University. 
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Down to the Seas in Concrete—Continued from Page 29 


On one occasion a 34-foot concrete-hulled cabin cruiser was struck amidships 
by a 3-1/2-ton sloop traveling at 10 knots. The concrete cabin cruiser was able 
to proceed under her own power for repairs which took 21 man hours to com- 
plete. Damage consisted of deflection of the hull from true over an area of seven 
feet long and three feet wide. At the point of impact the hull was pushed in 3-1/2 
inches. It was repaired by hammering the reinforcement back into position 
cutting away the damaged surface which was then filled, sanded and brought 
back to as-new appearance. In the view of the marine surveyor a similar craft 
with a timber hull would have been sunk. 

In another case a boat was lifted up by a wave and deposited down on the 
upper end of a pile which produced a considerable impression in the hull and 
opened it to leakage. Pumps were able to keep the boat from sinking while a 
repair man went over the side and forced in concrete mix (in the presence of 
sea water) until the leak was fully controlled. 

Although information on construction techniques is somewhat limited for 
proprietary reasons, it is understood that the hull is laid up on a frame of 
metal tubing which support layers of several different sizes of steei mesh. All 
methods of concrete construction are used in different portions of the craft. 
Guns may be used to spray the concrete; also ordinary trowelling as well as 
casting techniques are applied in certain areas. Many special tools have been 
developed by the shipyard for these purposes. 

The thickness of the hull may vary from as little as 5/8 inch to as much as 
one foot. This latter thickness was used in the bow portions of a tug boat, where 
severe impacts would be expected. Because it is not practical to make the con- 
crete much thinner than 1/2-inch thick, this material is a little heavy for small 
pleasure boats. At lengths greater than 30 feet, concrete begins to show an 
advantage over other methods of construction in that the stiffness of the hull 
obviates the necessity for the interior framing required by more conventional 
construction techniques. 

The question that remains now is whether this will be a widely exploited 
construction technique or will be used in only a limited area of specialty. 





NAVAL RESEARCH REVIEWS publishes highlights of research conducted by 


Navy laboratories and contractors and describes important Naval experimental facilities. Manu- 


scripts submitted for publication, correspondence concerning prospective articles, and changes 
of address, should be directed to Code 109, Office of Naval Research, Washington, D.C., 20360. 
The magazine is listed for sale by the Superintendent of Documents, U.S. Government Printing 
Office, Washington, D.C., 20402. Subscription price: $1.75 per year in the U.S. and Canada; 
$2.25 per year, foreign; $0.20 per individual copy. The issuance of this periodical approved 
in accordance with Dept. of the Navy publications and printing regulations. 
Editor: WILLIAM J. LESCURE NAVSO P-510 
Associate Editors: 

T. B. DOWD, ONR BOSTON 

L. A. WHITE, ONR CHICAGO 

I. ROWE, ONR NEW YORK 

E. GLOYE, ONR PASADENA 

P. MILLER, ONR SAN FRANCISCO 





IN THIS ISSUE VOL. XXII, NO. 2 


TEKTITE I: 1440 Hours on the Bottom of the Sea 
Four aquanaut-scientists will live 50 feet under the waters off the Virgin Islands for 60 days. While 
the aquanauts are conducting marine investigations, they will be continually observed for psycholog- 
ical and phys*ological reactions. 

Mechanical Failure Technology LCDR DONALD FLAGE 


ONR has formed a study group to investigate mechanical failure technology with the hope of pre- 
venting mechanical failures in service. 


Navy THEMIS Program 


ONR has awarded contracts to 16 universities. The ONR support will help establish scientific centers 
of research at these universities. 


Down to the Seas in Concrete DR. RALPH A. BURTON 


Concrete boats are easy to manufacture and require very little maintenance. 
On the Naval Research Reserve 


Selected Contract Research Reports 


An Ammi barge carrying the TEKTITE I habitat is being towed out of the Philadelphia Naval 
Shipyard to be floated onto the well deck of the USS HERMITAGE (LSD-34) for its trip to the 
TEKTITE site off St. John, Virgin Islands. See page 1. , 
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